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QUARTERLY REPORT ON THE FERROCYANIDE SAFETY PROGRAM
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- - - ABSTRAa,`.
'a

7hts4the--t]uneentl: qt:arterly report-on-t#ee progrtss of activitie.r n.td-cino rho......,.,.... ..6

- -Ferracyanide-S^'er^ Issue c.^ociated-wit# Har^'otrlSite F.rgdt-le^l radioact:ve-r.^cste tan,^.

Progress in the Ferrocyanide Safety Program is reviewed, including wnrk addressing the siz

parts ofDefense Nuclear Facilities Safety Board Recommendation 90-7 (FR 1990). All work

activities are described in the revised program plan (Borsheim et at 1993), and this repon

follows the same format presented there. A summary of the key events occurring this quarter

_-- __-_-_ is prPse.,red in Section 1.2. More detailed discussions ofprogress are located in Sections 3.0

and 4.0.
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1.0 î iAOielj'CTdON

1.1 PURPOSE

inis quarterly report provides a status of the activities underway at the Hanford Site on the
Ferrocyanide Safety Issue, as requested by the Defense Nuclear Facilities Safety Board

---------(]3NFSB^in ReFOmmendation 90-7 (Flt_199Q). In_Dlarch_1991, a DNFSR implementation
--------- -piaan (Cash_ i991)nesponding-to-iite-six parts-of-itecanamendaton 90-7 was prepared and sent
-- ----- --Yo_ihei,rrSB. The i;npiementation plan was updated in fiscal year (FI) 1993 (Borsheim

et ai: 11992). -A-revised-Fetrocyanide-Safety-Progranr Flarraddressing the total Ferrocyanide
Safety Fro!1g^rats; includtrig thesixM^pat*s of 13i+IFSB, -wasn'ease1^^, ul

-Ulnr.rway nr

have been completed, and the status of each is described in Section 4.0 of this report.

-11--iQi3Ait7'F.KiY

-Upiate of the Intecim Wety BasisASB) docunient_(Wagoner_ 1993) to incorporate the
ferrocyanide safety criteria (Postma et al. 1994) and to reflect closure of the
Ferrecyanide Un.•eviewed-Safety Question (USQ)-was begun th:s q,,.Revision of
Chapterb (Requirements) was completed in May, and a revised topical report
(Chapter 5,--Section-5) is-currently-under-editor;at3eview-and-shouid betistribute$ by
the end of July.

• A close-out report was submitted to the U.S. Department of Energy (DOE) that
addresses the 1990 U.S. General Accounting Office (GAO) recommendations on the
ferrocyanide hazard (Peach 1990). The report summarizes the progress made on
determining the potential for ferrocyanide reactions in Hanford Site high-level waste
tanks, and the conditions necessary to sustain an exothermic ferrocyanide reaction.
=Basm-rnr `zhe iesults vb`ra'uled theFerrby Ocyafllde Safety prOgram-, dose consequence
caicuiaations and aerosol experiments are considered unwarranted.

• All equipment and safety documentation supporting insertion of instrument trees into
assumed ieaker ianics were completed this quarter. However, installation activities
w_ e s;n^^' `^=^^ ° of:onc^.°-n over riser availability for core sampling. After an,r.. ^

-_-instrumertt-tLee is inserted into a riser, that riser is no longer available for core^ - -^ ^^an:r̂1;*+....bo maY 'ce recluired oefore instrument tree.. .., : _ ... ... .. .
ineMll^tinn

• A report (Mclaren 1994) was published this quarter that estimates heat loads for the
-ferrocyanide-tania ex-pectev to have the highest heat loads. The maximum heat load of
??y ferrcyattid^^nk isbelew 4^ kilovra<s ^wi^j, or14,300 British thermal units per
hour (Btu%hr),

1-1
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1^-_--A-eo:i^1 of-gme-fet^yartide-iankS werevaror sast:pltu' ihis q:^a^:ei. Tank "t4i-BY 107
had a flammable gas concentration of 3 to 4% of the lower explosive limit (LEL), and
tank 241-BY-108 had a concentration of 196 of the LEL. Tanks 241-BY-103, -104,
-105, -106, -111, 241-C-109, and -112 had concentrations less than 1% of the LEL.
1h^°hi}:est a.-^:..onia conu:uauons where found in tanks 241-BY-107 and -108, at

= 700Atrid 97 p,arts WmiUaon (ppm), r--e-^ctivPty .

^-is repori-?vaiuating-posaGtesources-of=?lammabie gases, ineiuding potentiai cyclic
^was compdeted this_ quarter_(Fowlerand c_:ravPs 1994). The report concluded

.
°'g&n^tuntlg=l>m;n^itgas=itttlnl'^rrig ^fet*it^^;'gltlde ta^ is notwana«^;. i^:e

: Aocument-wiilk-e,issued=for-public-aesiiaciiiti+ln 3ttly 1;:.

'---_-F9ur=attemgts wese maae this q,^ to obtain push-mode core samples from tanks
---- ---- ----- 241,7C-108-md 111.-Ailofth@ 4ttemptsar_sulted:.n.lowca-re r,,.overies , less than

about 10 xolume-percent^vo196?. Redesip and testingof the push=:,.ode core sampler
--- - is now--underway in an attempf to improve core reu;very. :^r,aiyses of a partial sample

from_i9SdblAi -i4-^e1d^^.R+.1.12r.*e^u.t&t^Z*.o°^ tanks 2d.t_rt.no and,. -112
(,8impson ;ontai.:ed 32 weight pescent (wt%) water
ar:d-e3cnibiteird. e,.^therm of-}s-ca:ories per grain (caiig) on a dry basis.

• ideution detectors from two manufacturers (LND, Inc. and Nancy Woods Laboratory,
Inc.)-wenr tested and compared this quarier: The de`e^toi; supp;i^Qy3.ND offer the
best energy resoluti_onand -Y_ /^y^qtNL̂ at_lower-v^olta%.NYO ^l.he->`Iancy, wnwu -.v..n.^.^+^.^Pra,.:V̂ir^ .^_ }AeM

The ?:arwy':doods detectors produce a larger average pulse height signal. Tests in
radiation fields revealed that all of the detectors could be operated under irradiation.
However, the LND detectors were more effective at discriminating against the signal
coming from gamma rays.

• The University of Washington's Center for Process Analytical Chemistry completed
Phase 2 reasibility woric this quarter on near-infrared (NIB) moisture monitoring
-^h"^Iv^"'g^ -i"p°r-i.s.w.u sivw°cd-iat

particle
size and c`I1emi0al changes in the waste_.-`---`-` °---- ---- ....cn

increase the measurement error; however, it is still possible to obtain moisture readings
1 ! 4M

at = J vi%'iiv awii^i:y.

_Examination of resulcc fmrn three different drainage experiments revealed that
ferrocyanide waste simulants drain water through a process of consolidation. This is

_ opposite to the behavior of a rigid porous medium, such as sand or saltcake. Direct
--_ measurement of the consolidation of actual- waster i$Tecommended- to predict the water

---- refe:ttion-capability o; the tan„i s:udge. Ceni^iiuge experiments offer a fast and
efficie:..t way to te3st the hydraulic properties of sludges with only a small sample.

8tince-earlv Asr•;;, all ;aboratory warr has beeii halted wiiiun radioactive control areas--- - ---
-_ _. _ _-_ - _-_- -ttt_t.'J^33J.-32^^d:ng=^e=$1.131^r#i^e^.:^^: iC^F^JraWry ^^7b). - _..v uuuwv^II PwJ

affected completion of the work scope outlined in the FY 1994 test plans. Reports will
be issued as scheduled in the milestones; however, some of work that was to be

1-2
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completed this FY in the cyanide speciation and cesium solubility tasks will be carried
into nett rY.

1-3 KN:MI)KTMl)KMAI

Progress of activities under each of the six parts of DNFSB Recommendation 90-7 are
arranged in the same order as the program plan (Borsheim et at. 1994). The arrangement

-=itsou û'o°w^ IUM- -mne-ordet:piovidea in Recommendauon 9i,-7. To report on progress, each
-pa>9s-oi^ne tneotnmt^ ^-- ----isre^aleo in :t^cs; ^:,+ y-pat^raphs-exp;ain;ng the

scope of work on each part or subpart of the recommendation. -SubheadinAs for each task
-- --- ---------^Cti"viiy ccpirLL uM iiiuo--w'ing: - - -

• Progress During Reporting Period
t-

__ 16)S--a!!'J3Cd113:fSt

• Pmhlem Areac and Actinn TakPn

• Milestone Status. - -- -^

1-1
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T{.:.. .... :..^e..F:......ll.. lep 1.1....L
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2.0 BACKGROUND

Various high-level radioactive wastes from defense operations have accumulated at the
Aa:.f-ASite in underground storage tanks since the mid-1940s. During the 1950s,

--a^-tanlCStorage-spacC-wa3Ye^Quired to -supportthe-defense missioii. To obtain this

additionai storage voiuine wi'u`un a short time period, and to minimize the need for
^.on;t^:ct,:ttg additional storage tanks, Hanford Site scientists developed a process to scavenge
"'Cs from tank waste liquids.

adG
implementing this process, approximately 140 metric tons

,.i^3$ .
errocyamd

. ..
ed t

_.
u
.
`i

.
-f tonSj of I to waste - at was iater routed to some Hanford
Site single-shell tanks (SSTs).

-^Ferrocyagide;-in-the-pr°„se= of-o-;A;^i .̂g such as sodium nittate andlor nitrite, can

be made to react exothermically by heating it to high temperatures or by applying an
electrical spark of sufficient energy. Under laboratory conditions deliberately created to
?nhan_c_.e-the-poteittiarf-vr teactim, -signifimt exotheittnic-reactions can start as low as
220 °C, but the lowest propagation temperature observed is approximately 250 °C. The
reactive nature of ferrocyanide in the presence of an oxidizer has been known for decades,
but the .;,..ditio:.s u:.d.. which the compound can undergo endothermic and exothermic
reactions have not been thoroughly studied. Because the scavenging process precipitated
ferrocyanide from solutions containing nitrate and-nitrite, an intimate mixture pf

-ierrocyanides-anid nitrates and/or nicr;tes is likely to exist in some regions of the ferrocyanide
.__,_a,.L.,.

Efforts have been underway since the mid-1980s to evaluate the potential for ferrocyanide
nacuons in rianford-Site-SSTS tnurger i989, Burger and Scheele 1988). The potential
consequences of a postulated ferrocyanide reaction were not evaluated in the safety analyses
or safety analysis reports (SARs) applicable to the Hanford Site SSTs. The SAR authors

--- --atistoiically- have-considered a-rapid-Exothermic--*_eaction from -fue>lnitrate-reactions a.,° ar.
incredible event, and the consequences of incredible events are not required to be analyzed
(WHC 1993).

Although not considered a part of the safety analysis for storage of waste in the SSTs, the
1987 Environmental Impact Statement (EIS), Final Environmental Impact Statement,
_Dinn_cal nPHanfn^ DPfense High-Level Transuranic and Tank Waste, Hanford Site,
Richland, Washington (DOE 1987) did include an environmental impact analysis of potential
exoth^*,^+:c reactions involving ferrocyanide-nitrate mixtures. The EIS authors speculated
that an explosion could occur during mechanical retrieval of saltcake or sludge from a
ferrocyanide waste tank. The EIS authors concluded that this worst-case accident could
create enough energy to release radioactive material to the atmosphere through ventilation

nnnrnW' Sdtin.h.,-aaz-:uac-.rs^3it^.cTnsiuun.ms.w-ova^-_ -_ -RI

200 mill .„^ A GAO study (Peaeh 19941) Y.,s:A,.:ated a worst-Case accident, with
independently calculated doses of one to two orders of magnitude greater than in the EIS.
Ctrttpling^feffocyanid^..,nc^:,,s with concerns about high organic concentrations and
potential hydrogen accumulations in other Hanford Site high-level waste tanks, the DOE
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established the Hiah-Level Radioactive Waste Tanks Task Force and Tanks Advisory
-=---__==I2nej tit At:g,.a{9M, 'These fivo groups weee #armatto ertsur that all safery concerns with

high-level waste tanks at DOE sites are identified and addressed in a systematic and timely
MIIAwM
:!e^•_Sya •

- The iniiihl focus of the task force and advisory panel was on the Hanford Site Flammable
-- -- --c>^s^nd-Ferrocyanid^^^ssues• In September 1990, a spec.ial Hanford Site ferracyanide

--task t¢am was ovmmissioned-bY -Wes` ouse :T^nfVd ny to address all issues
involving the ferrocyanide tanks, including the consequences of a potential accident.

The Ferrocyanide Safety Issue is a result of a combination of factors, beginning with the
_safety-studies performed as precursors to using the ferrocyanide scavenging flowsheets.
These-studies-did-notZddress ntrimate disposal of the ferrocyanide solids, and were not

-performed to 'me oonservative standards used today. In addition, no rigorous inventory was
-------------lmpt ofdheferrocyanideAor-other-chemicals added to the. r^nks, Subsequent safety studies

ttetermining-t'te-nsi«f-atid;;:gati.her shenttcals w•ere ei'^er not petfor::ed, or v:.,^:e performed
' ^• -•._' _ rh as trm*wrahirr m- ---------- - ta=lesss.onsers .̂vo standards. - -mo^nsc^^r±*eg systsms,-sn_--- ---easurement

-instfum^..; we<e allowed io_be disconnected and fall into disregair_because_ihepotential
hw^wid wrM not hl-lightAd,

Although the EIS authors estimated the. consequences from a hypothetical explosion, the

=SW disagreed:withihemsu4nption."7Sed=far=the-dowfinn.c_t+t-mPrce-%nlalioi^s. WoYa^------ ----_
performed by PNL in 1984-85 (Burger 1989) identified a potential safety problem, but no
funding was provided until 1989 to study the Ferrocyanide Safety Issue. An additional issue
was subsequently communicated about the assumed radioactive material source term (release

- *action)msuiting-ftom-a hypothetical expiosion t'Peach i99u).

LliZ3_ctober_1 _990MG ^'TMat;,.. 10990), the Ferrocyanide Safety Issue was declared a USQ` because
uî̀ e-safetyenvelope for-them-tanks-wz-nalonger-boundedfiy the P:;snng ^fPty analysiS

- ---- - - - - - and log books,-24 -Ilanford Site- tanks were identifaed-aspotentially contairang 1,000 graan-
moles (g-moles)-(465 lb) or more of ferrocyanide [as the Fe(CN)6 anion]. These tanks were

_Anl7nrev-iewed Safe_ty Quastion; as defined by DOE Orders 5480.5 (DOE 1986)
Ti,^ f ^v° VP.-^la^^"essjrsv^•uw ve:ntia^1-a_, test or3l1d=^-48^i:2l=^^}u^l.}rjS=S^eeeT$P^ined ^¢-_

f
& m

experiment shall be deemed to involve an USQ if the following apply:

a_-Thegroliabitity ai itccurmcmor3he_ronsea,uences of an accident or malfunction
of equipment important to safety, evaluated previously by safety analysis will be
significantly increased, or

a 5;ossibility for an-accident-ormalfuneuan Of a different type than any evaluated
previously by safety analysis will be created which could result in significant
safety consequences."
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---p}aeed-on ai7errocyaaidevateh-;.ist-be.;attse of the USQ. re examination of the historical

recordr-(Boraheiet a.`td-Simgs3n4991) indicated-that-6afthe-244anks do-not contain the

--=wsrte i;ofYgmoles-of ferrocyaride and shotdd not-have- beatAt:olttded on-the Watch

List. Four of the 6 tanlc.c were removed from the Watch List in June 1993 (Meacham et al.
=- -• .....,..

1993) and removal o#Yfie^thertwo^ is ^tding iD'uiuYCYm o^ a:Y. t^^s^.

_ _ ,,.^_ a^ •.1 TTcn was nwv^ww.l,.e.,i *,rrrh 1 , 1994 by the DOE Assistant Secretary for-V.^V-.- v.. ^

Fnvironmental Restoration and Waste lvfanagement (Sheridan 1994). Closure of the

Feaocvanide USQ was based on safety criteria proposed by Westinghouse Hanford Company

and-c^nettrr^-oar-byoutside-reviewers-a^td resie•r:er^ wit.^.:n--JOE.- This was the.:st USQ

-rlosure in 4,:e cu:ru:t Waste Ta:r Safety Program since the Watch List was created in 1990.
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AA1 3''IM^r'°"wn^^ c sFETV rnrrt"qENTA1TON
--- rw V^/lAt\lYf% a/VVVa.VI^Ila

:he USQ d^.ds on an authorization basis that describes those aspects of the

facility designfiasis and operationaYrequiremettts relied on by DO"r; to authorize operation.

^e authorizawott basis is ^'Mes,:bed i^. documents such as facility SARs and other safety

analyses, hazard classification documents, technical safety requirements, DOE-issued safety

$'$aluatliln4Wrts=,-and'lity--spedft $winiiPnent$,$uCh-as=Sdety --- ^^'^s.Tissets ^^.caM) and

the ISB (Wagoner 1993). The potential hazards of a ferrocyanide-nitrate/nitrite reaction were
discovered to represent an inadequacy in the authorization basis.

-_...-------- - - ^^ls°.ai"m^t^ '
s^+FS-_"a.".."'7 • - `'--'t- °----- 'A-

°oi --- ----w -^ ._.. ..._.,...- ..:_v vv,i ,,,HA ic^,,.u^ ihe^afety Issue ior the ierrocyantde waste
tanks was developed by DOE and Westinghouse Hanford Company and presented to the

g• u ( ly ',^..).
...o, _,

^
.^.n.'. .Q.r^aTPOV mn^ins two ^^vLa•:i'vF`+-]n Ptu .7"[ !SiJ- ^Frunt^. ^^1^ StepS:

(1) deveioping criteria for safety categories that rank the hazard for each ianic, aiiowing

ciasureof Ute_r.ISQ,_alld_(2)-C(Qnfirlnatinn anrl final placement of each tank into one of the
-c'ategtll3ES ba9ed or, core-Sa^Tip'iing and charaCter'^.ation of the tank contents. The
Ferrocyanide USQ was closed on March 1, 1994 by the DOE Assistant Secretary for

.}rirnnme,nMl Reatrnwtinn and Waete Ma__nagement (Sherid8tl-1^4).

Safety and Environmental Assessments. SAs are documents prepared to provide the

* •-twhnt^! ^sts ------ '^- -`^Y of a P'^sed -a.̂tt.vl - and to p,v,.,.a.^^ p*v+*+^ controls to=^s -
.ty

an.
maintain (EA) for that

operation provide the basis for DOE authorization of the proposed activities. SAs have been

approved for vapor space sampling of a1iferrocyanide tanks, waste surface sampling,

push-mode and rotary-mode core sampling, thermocouple (rC)/instrument tree installation in
----------- -----

^i.-'-^
-^ ,

and=$S$r.
.,^'°'1 1°'1.. wh::nau .a..za.tn- °"d -FClI^OY3I-dlf-plbl^]p2ble-I1luld-(iTlterim ct2hiliv2tinn)

---- ---- --------as:uu -cu.

A generic EA covering all proposed operations in the tank farms has been approved, and a
Finding of No Significant Impact was issued by DOE (Gerton 1994). Approval of the

generic EAPr'ô̂ vtdes ad aato NationaT Environmentai PolicŶ Act coverage for the planned^1
--- Ferrocya.nide-Safety-Fsogram-activities and streamli-n$s the approval process.

The_authorization basis for intrusive tank operations was combined into one document, the
°_ IsB; 1993(Vtragoner 19931.- Safety-documenrtation conceriling the ferrocyamde

-- hazant was updated-this-quarter to reflect t,'leapproved ferroeyanide safety criteria and

__------------=olosufe=of=theierror;?n1Ae ?iSQ Updates of Chapter 6(Requirements) of the ISB and the
Operating Specifications Document were completed in May. However, revision of

opicai Tceports) of the ISB was not completed by the June 24
malestone, Several tnpical reports, including one for ferrocyanide, are part of the ISB

--- update, andthe=Aentof theupdate has caused a delay in the review process. The revised
topical report is currently under editorial review and should be distributed by the end of July.
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Hazard Asscssrnent. The effort to update the ferrocyanide hazards assessment document
was redirected in June 1993 toward developing a tecimicai basis document supporting
-resolution of the Ferrocpanide Safety Issue. An updated ferrocyanide hazards assessment,

^_toL_asaiecitnicai-basis-document; will not be started until adequate information
- is_available_for sesolving the F-----errocy9nide Safety Issue. Technical information from all

--__---_-=--=- Ferro^vaaaid^ ^r;l r.l ,^;e::.,,.,^^^tR^:^^^ into ' du^;ument. This document
may be necessary to support Safety Issue resolution in FY 1995 for the four Ferrocyanide

------ ----- -VYatch List lanks.+'_n C FA*n!: Core ra;overy problems (see Section 4.4.1) may delay Safety
Issue_n,solution for the_C Farm tanks. An update of the document may be necessary in
FY 1997 to support Safety Issue resolution for the remaining tanks.

Dose Consequenm: In September -1990; -an Ad ::oc Tuk Force report recommended that
studies oe.performed to provide ieformation on: (i) the potential for a ferrocyaarride-
-nit€ate/nitrite-explosion; ('2-}the conditior.s necessary-in the ta:.ks to iratiate an explosion; and

-j3)the potential consequences of such an occurrence. The GAO advised the Secretary of
--Er.ergy-to-implementthese-tecommendations-(Feach 199i,).- A vlose-0ut report -addressing all

411t GC of the GAQ reWmmend^a'33nsiV8S 3Sbs-131iwi to DOE uS yuarter. The report

_-_-__^^ --- sLIdntn2P.3^_thn ^vrraa marlP -Qn-dete^mini!!g-th?._pot^ltt21-for-fpflOCy3^3de r°.a^L,^.^.t in
T b.......^«.....i

----- ---- -----Hat fatrd-SiWferroc;..rdde W.n?rc, W^.d the conditions necessary to sustain an exothermic
ferrocyaniae reaction. Based on the results obtained by the Ferrocyanide Safety Program,
dose consequence calculations and aerosol experiments are considered unwarranted.

_ : ivLies^one Siaius

= Janaary 31,1994:- iceceive DOF-approvarto close the F-errocyanide USQ
/P ! a T^] 'iant^a`s^atlve3*-TheFerrncvanide. iTCQ was closed on March 1,
-1994(Sheridan-1994). -A iettes was sent on ivfarcn 30; 1994 (Wisness
1994) informing the U.S. Environmental Protection Agency and State of

- Washington Department of^Ecology that Tri-Party Agreement (TPA)
milestone lvf-4l?-14 (closure ofthe FeirocyamdeUSQ by March 31, 1994)
was compieied.

June 24, 1994: Issue an ISB Level 1 report to DOE that provides the
safety basis for safe operation of ferrocyanide tanks. Several topical
repoirs contained in the iSB are being updated. This has caused a delay in

-^F;etseo"Lthecitanges and undating of the IS'`B should be completed early
next quarter.

- July 29, 1994: Issue an update of the ferrocyanide hazards assessment
document. This milestone was deferred to FY 1995 and may be canceled
if not req_uired to resolve the Safety Issu"or the four C Farm tanks.

^^^-12
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W^iC;-tik'-V4

..
/4-l;i

- ---August.31,19", lssue technioat basis-documentsupportingSa_fety Issue
---- -rtsolution-for-jĈ Faran^a,,nk7^s., rif3equi'r•'êd,s._., R^̂mmend SafetY issue

_ Yor-C^-FarQfti6i18S:-

TM

-1JYf^^-^i^ipin-'iltlt^a^;w^ ^^°^••nfn w:^;: .
`

„ W.b n,....,,.^w Yush-mode
core samples from tanks 241-C-108 and -111 may delay completion of this
muestone into F-r irio.

_ --Tebrrwy 29;199fr.-Obtain DOIrapprovaiJto7emovef.'-Farm-tttks-ffom
the Watch List. Safety Issue resolved for C Farm tanks. Difficulties in

---- --- - ------ _ ----- -- ----: -o4Mininavajequat,^pu$h-mvrin ^mm c.^.+::ple..° from t3i1k8 241-C-108 and

-111 may delay oompletion of this milestone.

danuary-31y-149?. R_.,+ se techn± cai basis document to support Safety
issue resoiution for3he remaining tanics, if required. Recommend Safety
Tnn.... -.. ..l..a:.... i- ..11 M..L..

September 30, 1997. Receive DOE approval to remove all tanks from the
F^ya.^dde Watch List. This action resolves the Ferrocyanide Safety
Issue.
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4.0 DESCRIPTION OF ACTIVITIES

Tlais-section follows ft format of the progra_+n plan (Borsheim et al. 1994) and describes all
work associated with the Ferrocyanide Safety Program. Where applicable, each task activity

- isdescribed-relative-to-tlle-13NRSBileconlmendatiott{9J-7:1-through 9t!-',.ti).-- -T-he-speci,c
recommendation is given, followed by a summary of activities underway to respond to the
recommendation (if not already closed out).

_ - _-_ 4.1 ENHANCEDIMAUTMTURE MEASiJRII11ZENT

tm4tF^^'^ - ihRu^ b°n to-a8d tr'^S't/TBitG7ltatton-aSytecesJ"a ^j" to the JJs containing,e^c : ^
ferrocyanide that will establish whether hot spots exist or may develop in the future in the

__--=-=sra..dt^ste.-M i^^?Fhoiiia inciae, as a minimum, additional thenmocouple
trees. Trees should be introduced at several radial locations in all tanks containing
substantial_ amounts offerrocyanide,- to measure the temperature as a function of elevation at
titese raaii. The use of iryrared techniques to survey the surface-of waste in tanks should
continue to be investigated as a priority matter, and on the assumption slurtshis_method will

....,̂ ,.,f^1•_ dn_ valuable, monitors based on it should be installed now in the ferrocyanide bearing
tanks. '

4,1_1 Inctrvment 'frv.r.c

Work in several areas has developed a broader knowledge base and has warranted several
changes in the approach to implementing this recommendation. Originally, it was planned to
add several temperature measurement instruments to each tank. This plan has been modified
to ensure that there is at least one instrument tree with replaceable TCsin eack ferrocyanide
tank. Additionally, there should be at least two operational temperature-sensing elements in
the waste to ensure a true temperature measurement, and one or more in the vavor soace.

The new data that have warranted this action include: (1) many of the TC elements in the
-_- ---=-_-_ trecshavc^_rPfi,*x^± to^vice and anasured-temperatures-a.re as expected;

¢2)-thernal-modeling to date QIV`,cLa«r. 1^'4) and an enhanced process knowledge show that
---the vaste is-relatively homogeneous y'- ihor'izoritall- wiu`, re -_L to nea[ generation (thus a hot-

---spotis most-likely-in•iprobable); (3) any rc-asonab;e number of instrument trees would not be
______ ___ ______ 'llytotletectiihotspot; and (4) new eer;ma_tPC of tank heat content based on tank

vahiec than nrnvinnaratimatr.c.

W-he.^. €ompleted; the results will be t.••,..^.. ,^^:..,......... trees in all but three ferrocyanide tanks--- - - - - - -- ,*^....••,^^^
------- -(241-BY-1II5; - 11-1-and -112).--Tank 241-B-Y--116 already conWi^.s an instrument tree with

xpplaeeable TC elements Tanks 241-BY=111 a:.d -112 had no operable instrument tree, and
the waste temperatures were measured via a dedicated TC element installed in each tank's
LOW. New instrument trees with replaceable temperature-sensing elements have now been
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----- -- --- -- - - li^ii^-r.^rvio7•Ai-iq

installed-ul-these twotaiiies.- i'he pristing^tsteumat^treES inthetattkswill-be monitored as
well-as ttie newly 3ttstalled-trees. It is-eapected that the older trxs wil everih,W,_lly fail in a
manncr-sucn that they cannot be repaired, and they will not be replaced.

s ^'-2U;3ttg RepOr&%--Per:od: Five insKument t.,° •,^#'%.ILYI heated vapor
sampling tubes have been fabricated for insertion into assumed leaker

_ fernscg!anide wv:,;. A'equipmett;tnd safety documentation supportiag insertion
-- of tite frees were completed-this 4 An instrument aee was installed in^r

tank 241-BY-107 in April.

Installation of the instrumenttrees in the remaining assumed leaker tanks has
----------- ---^ t------- - •, L•,:^. L'--

core°- -`$ee[^ de1$yecrutcausc o
f
c^neern'db09[f iiser di^auaoiuLy for cvsampl ing. OnCe

an instrument tree is inserted into a riser, that riser is no longer available for
core sampling. Therefore, it is necessary that core sampling be performed
before installation of an instrument tree, Flowever, core sampling and instrument

------ -----_ __t^insG111gtipn^Cb^ules}l^ye^pt^en finalized, and-a-dtxision to require cnre

samnlin¢ first is still nendin¢_

A survey_ of available risers in the ferrocyanide tanks was begun this quarter.
-_- ---_--_-__----_----_--- -_ -„__ ^he r?^=insp^^ion irtclusius-a-hisra::cal t_v^^w of :nstrumentation occupying

risers in the tanks, and physical inspection of the available risers for potential
blockage that may obstruct core sampling activities.

-- - ---- - --- -- - - - - -- InstallationofTG trtes into 2d1-BX-lm hWs been delayed, because DOE
--- mAVP thtC }on

. .
-- --- ------ ------ ^t,IUdnl?w ^...,,.,, ,...., .....k from the Ferrocyanide Watch last ts pending and

installation of trees into tanks on the Watch l.ist is given higher priority.

....e . '"'°_^ ' - - - -- - wills . cs. .. yaw sys_..°_ JUl1Sel^UCDt MOn(j1S,- 1ns3ruIIlent ttee$ w111 be lnstalled into

the remaining assumed leaker tanks, probably after characterization is complete.

Additional instrument trees will be fabricated.

The survey of available risers for core sampling and instrument tree installation
w-il"1 be cmm^leted-____r_____-

--- ---'-- -'--' '-------L-'-T}6o:eL9°cas-°ano-Acti`3$Tn.l'.w.--1mst$lluflvFa-vi-uc3nu;nv=@i hagb22n

delayed pending decisions on whether characterization will be performed first.
A riser survey is being conducted to determine the number of risers available for
characterization and instrument tree installation.

• Milestone Status.

Sep-tember 30, 1994: Install nine instrument trees into assumed leaker
-fermcyanid"ankss. -The-number-ofinstrumenti.rees installed will be only
eight, because there are currently only eight remaining ferrocyanide tanks

---- (including 241-BX-102, which is pending removal) that require instrument
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trees. This milestone also addresses the September 1994 TPA milestone
(M-40-02B), installation and operation of six instrument trees in

- fergocyanide mnks:--T-his-trli:estone-is behi[tdsc.hedule.-{hux-fiew i;r,^c
sampling and instrument tree installation schedules are finalized, this
milestone will be rescheduled.

- September 30, 1994: Develop criteria for upgraded temperature
monitoring capabilities in ferroc,yanide tanks (TPA milestone M-40-02A).

_==Thss -r'll:esk:^ is on-schedule. -A draft nf-this-report- was subnntted to the
Washington State Department of Ecology for review in April.

^ December 31,-1994. --Complete installation of irtstr^,^ment-trees-:.^ assumed
leaker tanks. Replace temperature-sensing elements in the remaining two
ferrocyanide tanks (241-BY-105 and -106) as necessary. Completion of
this milestone will be delayed as discussed above: completion is now

4.1.2 i7parades to Existing Temperature Monitoring Instrumentation

This task determined the operability and accuracy of previously installed TC elements in the
--..,_ •

.. _ ---...-- - . , .
-- «^^rocyaetQe ^+^i^i.[st ianzr-^_ne nng[nata^newsy_^nstaiiedinsuumen[^s

p.:,.:de te..t,-.na.V :;rt~e .°:ceyanide tanks.

Fie:dmeavurements werv *'asen in 1991 0.^. -a,a.,ch :'C element in the ihen-existing tree,s to
determine the resistance and voltage across the junction and across each lead to ground. The

exact condition of each TC was determined by resistance and voltage measurements
------- --- --- -^Bussel-1992). This work wa+mpleted in FY 1991 with a total of 265 TCs being

evaluated. Work in FY 1992 focused on n:pair and recovery of 92 TCs that were found to
be failed or marginal in performance. This task was completed in FY 1992.

R. _T__ • •
.^u. . . .

_ n A -, w1n---.^
}__^^^

1l_
^

_!
^iy

_
^-i^i _ ^ i__- p.^^J^i4

^•...•
ilbl•3114LLV1

Planned Work for Subsequent Months. None.

Prob:em A,u.s and Actions Taken. None.

• Milestone Status. This task is complete.

-4.1.3 $ot-Spot Thermal-Modeling

?.adioactive materials decaying in Hanford Site wastr, tanks_generate heat. A concern, raised
when the ferroeyanidt tanfa Arst-beeame a-safe.r issue, has been whether an exothermic
-e-c,3rsion and lo;z1 Tropagatlm s,ould occur the fe*rwya^^de waste if a sufficient

A
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' s hiah ennneh famI^`J'^'^ttdG "`^`°•ryb'I'"up,tatureFVemprewt.-Tterg are.
usually only one or two instrument trees in each ferrocyanide tank, and the trees are not
always at the same kioation. Consequeatly, it is questionable whether abnormal heat
generation could exist in these tanks and not be detected. This task models and analyzes the

--avaitahte remmrat„rz d.atafrom_the-ferrocyanide-tanks-in oalerAo-determitte-the heat load
a_nd_ temneratures as a function of depth and radial location. Sensitivity and patametric
analyses sMF..ts v;at would have to exist within

.--------------------. _wasM to .,ae.. ni...,i...mropo9^...,.r,nn rm,i.w^n,nnc^..... . ^.^.....

State-of-the-art validated computer codes are used in the modeling. They are benchmarked
-- ------ --------with existing data andemploy two- and t.hree-dimensional capabilities. Both steady-state and

asam - ^--a^asa^ • .

^^,^a^€ moae)s .,.^ _^.^,,.=r 01 uua rv9ric^to' determme accurate heat ioads for
each ferrocyanide tank and to model hypothetical hot spots.

Progress During the Reporting Period. Analyses of tanks 241-BY-103, -105,
-1;N, -:vi, -1uis, -iiu, -iii, and 241-C-109 for heat load and thermal
characteristics was completed and a report of the results released this quarter
(McLaren 1994). The BY tanks have the highest anticipated heat loads (see
Table-A=l-in-Appe:d'.r A) of the tanks on the Ferrocyanide Watch List (Crowe
et W. 1;`73). Several refinements were incorporated from the original analyses,
including transient solutions and thermal conductivity measurements of the soil
surrounding the ferrocyanide tanks. Upper and lower limits for the estimated
heat loads are presented in the report. The maximum heat load of any
ferrocyanide tank is below 4.2 kW (14,300 Btu/hr).

• Planned Work for Subsequent Months. The updated thermal heat transfer/heat
load model will be used to analyze the heat load and thermal characteristics of

--- the_remainirag_Ferrocvanide-Watch LiSt_Lank,S, T__e_. r^x_Lrt on the. remeining
analyses will be prepared and icsneli later in FY 1994.

:hc-acai^C-of-tlte-^ryout ^^iuon paper has been expanded to include discussion
---otradditiottat dryout-merhanisms-od-the-expetiments that provide me bases for

these discussions. The revised dryout position paper will be completed and
neleased- next- q,̂ ^tter.

.
--- - - ^------- -----•- - - 1" leni-i^$'i1nQ •lVn 17lKCII. -_lYUttO.

- -^ -^Is^eStene Stat•W;.

_ __ _ _ _ _ _ _ _ 1 _ 1I .MI . • ..,. • . _^ .____

and issue an update of the

^'f4y^RR'nnrnm• (`rodihilihr nf/h.i ^„
i

o )_

--- Fe.-;ocyanide Woste by Hot Spou (Dickinson et al. 1993), approved for
pijblie--telmx_=--Zhitea^tt? -^-^^-extetdetrki-the-end-r,f FY-;994-t0-inciude
discussion of additional dryout mechanisms and the results of experiments
that provide the bases for the discussions.
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- June 30, 1994. Complete thermal hydraulic analyses of heat loads for
t f ac tanitv i4i-BY-103, -105, -106 , - 107 , -108 , - 110 , - 111 ,--^ ^^^ t

-au24irC-M -andisstteasepott_availablelothej)ttblic.__ _1'his_reportwas
issued on schedule (Mclaren 1994).

- ^,.W:..w y!, '9994. Complete thesmal hydraulic analyses of heat loads
for all remaining ferrocyanide tanks and issue a report available to the
public. This milestone remains on schedule.

4^.4 innarea ^+•^•••na•:g Sysiem

Infrared (IR) scanning systems are commercially available from numerous vendors. These
__-syStMnsan Sensitive to cha„o--̂ nf +0_s °C or less under ideal conditions, and offero- --

- protnise :;r mappirg profiles in the ferrocyanide tanks. Thermal
modeling perforined on1errocyanide tank 241-EY-104 suggested that if hot spots with
smperatures-of-cntteern are-possible, swllace teinuperature differences might be great enough
to be detected by infrared mapping.

-- -- ----- --_k positLon ^TMr on the credibility of hot spots and the need for further IR scanning was
---- --completed_ and issued in Anril 1993 (Dicldnson et al. 1993). This paper examined potential

,,hanisms_and_determined the dosm of concentration required to prpdUoc^
tempera.tures high-enough-tn dry-the fenrocyanide-waste_-71wpaper- concluded thatsuch
concentrations were incredible. Based on this report, Westinghouse Hanford Company
recommended that no further planning be pursued for IR scans for the purpose of detecting
Ro[

a spots.

-- a - -Progress During the l'ceporting-Period. None.

s Nanned =e:'ark €or Subsequent ::o-*16-. A d:a8 report on the infrared scans of
tank 241-5-110, Application ofI4frared Imaging in Ferrocyanide Tanks,
(WHC-EP-0593) was submitted to DOE in January 1993. Approval to release_ ... ..

t^r ^''t:^'^ a9oi1a6i1, ft' t& ^°^:j:^g

-- - - -w-- FrobienrAt'eas-and Actlon iaKen. ivone.

- - ---------- •- --M^tlea^tone ^ta^iis. ::or.e.
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,iS 'i'rMpwRs",TUF. l!Rn^?!?Fi^?^"Qa VaxsT.M„?nl

The umperature sensors n,/'erred to above [Reconnnendation 90- 7.1J should have continuous
à:^w°" l iw'•'" ^,•a w^7i>3` t^'u7t W6Ptud sigiwi di a peiniwreniry manned locotion any': w^u

abnormaity high temperatures and any jaiiea temperature instnanenmtion.

--- ----- -- This task pmvidessontinuous monitoring ofpresrntly installed-(and_operable) TCs for the
fenocyanide tanks. New instrument trees will be connected to the system as they are
installed into each tank, resulting in continuous monitoring of temperature in the ferrocyanide
tanks. All data are collected automatically at the continuously manned Computer Automated

SvctPm lCACI fMeratnr Cnntml Stafinn^..^..^ i^. .^^^^.I -The monitoring system is
independent of the CASS and capable of displaying data to an operator on request. Trend
data on selected points are available for display in numeric or graphic form.

The- sysfem., ri:ac^^,me o^erational i^Segtemttec 1191,-has_the-capaEity to assigaaiarms
for a change in the value of any temperature point. Alarms, if they occur, trigger an audible
annunciator and are logged-immediately to hard copy. An alarm summary display provides a
iis[-of the most recau-aiarms in order of 4ccurrence. Each alarm can be identified by point
and time of occurrence. Operator acknowledgement of the alarm will silence the audible

--- intntnd=r Stgt!almditia^ngarld mtllaplexingaae perforlned lxally at each Mn><. This
eliminates the need to transmit low-level signals to the tank farm boundary and reduces cable
runs. Electronic noise, extension wire corrosion, and thermal gradients are also reduced.

• Progress During Reporting Period. Construction was completed for BX, C,
and T Tank Farms this quarter. All ferrocyanide tanks with TCs are now
contteet^l-to the Ta.-tk li€onitor^nd Ecr.uVl Sy^ltell^ r̂;ACS) for temperature
monitoring with the exception of some of the new trees installed in FY 1993 and

-_-_-_FY__1W4_Temperatures are being monitnred on a continuous basis.

• Planned Work For Subsequent Months. Connection of new instrument trees to
T`4ACS w''.11 be .:.ade as soon as practical after the trees are installed.

: vble. Areas and Action Taken. None.

a 'rviiiestone Statnc.

September 30, 1994. Complete installation of TMACS for the four
ferrocyanide tanks in C Farm, one tank in T Farm, and two tanks in

. -°`-'-`--- `- ---- - - ^iRFai. a "alsu ^ ^ u^ uuwvw aav ix fer°oE, °d "^-^°^^-rt the tvatch List (24i-BX iiu,
241-BY-101, and 241-T-101), or pending removal (241-BX-102 and -106)

- - from t'r.e-Fernocyanide- Vy'n^elrList,-will be connected ir^ FY 1995. This
milacfnna uroc r.mm^lo}nrl }hic n„arfar
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- December 31, 1994. Complete installation of TMACS for new instrument
-- --- ------------- --- --------L^s-installed-ir-PY 19?4. The completion of TMACS installations is also

a--3PA-mi'.es'.one (.".:-.An-m.). '110 .:ailestone is behind schedule.

4.3 COVER GAS MODII.ING

'Instnanentation should also be installed to monitor the composition of cover gas in the
---------- ranicc. rn r-_sini,lssh if}1mwnable ¢as is nnesent.'

4.3.1 interim Flammabie Gas Monitoring

The efiort to conduct fiammabie and toxic gas monitoring and analyses in the ferrocyanide
tanks is continuing. Most of this effort was transferred to the Tank Vapor Issue Resolution
Program, which is coordinating interim gas monitoring of the ferrocyanide tanks, as well as
those Iarnks involvev w^:•,h tlle tank vapor safety issue. Tank vapor suaces are measured for

____ flammabilitvusing-awnTmerciaLcombustible ¢as monitor (calibrated with pentane gas), and
are monitored for potential toxic gases using an organic vapor monitor and Drager2 tubes as
required by the safety assessment and work procedures for a particular activity.

- ----Developmet:t-and-vaiidation-of-aiternative-teehnologies--for vapor space-charaeterization-are in
progress using SUMNfA3 canisters and specific absorption (Drager') tubes. The initial
vapor space sampling was done in several tank locations (i.e., from two widely separated
risers) and at three elevations in the vapor space. Review of the sample data indicated that
sampling from one riser was adequate; the number of sample elevations may be reduced in
the future,

• Progress During Reporting Period. Nine ferrocyanide tanks were vapor
sampied this quarter,IN 1BY-103, -104, -105, -106, -107, -108, -111,
241-C-109, and-I1-3.-fiank-241 -BY707 had a flammable gas concentration of
3 to 4% of the LEL, and tank 241-BY-108 had a concentration of 1% of the

- --IE-L.--The-remaining tanks-conYained iewthan-I%-of the I.r.i.. The highest
ammonia coacentrations were also found in tanks 241-BY-107, and -108,
approximately 700-and 97 ppm, respectively.- Table A-2 in Appendix A provides
gas analyses for the ferrocyanide tanks sampled to date.

• Planned Work For Subsequent Months. Flammable gas sampling and selected
noit oos-gas=niore ihriatg wa i coligasue, as re;ui*^, to supM t planned core
camnlino and ine}nimont }ran inctMllatinn..j.....b ...... ................. ..w ...................

• Problem Areas and Actions Taken. None.

2Trademark of Dragerwerk Aktiengesellschaft, Inc., Lubeck, Germany.

3TrademUkof lyfnla„rfri" Tnr ^ t`tnvahnd flhin
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w a.^w......»...^

- September 30, 1994. Complete vapor space sampling of remaining
-: : ferrocyanide tanks,-as reqtdreu, to suppo1ft various field activities. This

-- ---- ------=_ -- ---------- - °_ . • --^-

- September 30,1995. Complete vapor space sampling of remaining
------ - ferrocyanide-tanks: --T-his-milestone addresses the 111ove1-111M 1W5 TPA

-- -- -- _],--.---,! 111 117

4.3.2 ConWmous Gas Monitoring

Options for installing a gas monitoring capability on new instrument trees were reviewed and
a heated vapor sampling tube was added to the design of the remaining instrument trees to be

..°--^ moduuauon3 will allow vapor space sampling on a
sont^itot^-or znt,.^.^!t=ba^^: -'f3te tirsl instrumestt tree ::.c.,-ad.:g the new design was

- .__ al'i= _-- • . •• •--• - • •min ^,. ^..,-BY-IUi inapn[ 11^4: The tieea for connnuous gas monttoring is bemg
addressed in a study that also assesses the potential for cyclic venting and the possibility of
accumulating flammable gases.

The possibility that localized concentrations or stratification of gases exist in the tanks has
been evaiuated. n modeling study to determine airtlow patterns in the vapor svace of
tank 241-C-109 was conducted to evaiuate the amount of mixing and the local gas
cotteentrationa that -could occur: n̂e study revealed that the gases in the tank are well mixed
and-€ollow-Graltam's ]aw for gaseous d'u;usion; therefore, an analysis of a second tank was
considered unnecessary because of the well-mixed environment calculated for 241-C-109
(wood 1993).

.--PangressDuting iteporting 3-1er6od. A report evaluating possible sources of
-------- --------------- ---fl2mmable-gaSe.S, L*1Clllding-potrnNal cyrlir venting, was prepared this quarter

(Fowler and Graves 1994). The report concluded that continuous flammable gas
inonitoring inIFe^^a:de ft*.b is not watranted based on: (1) the low---- - -- -
concentration of flammable gases found to date; (2) anticipated low ferrocyanide
ccneeattrations becattse of ^waste aging;- :3)-analyticab-results from tarLs
241-C-109 and -112 showing that the fuel concentration in the tanks is not as
hig! as TMstlllatpl by flowsheet values and operating records; and (4) calculations

-__-_--_----_--of hdro¢^en_geng,^rtionusingmalistic generation values and passive ventilation
sssumpeons_ The report will be released for public availability early next
quarter.

-i---Planr,ed-'W-ork g'-orSubsequent A`.onths. Pending DOE review, no further
work is planned in this area.

-Urnh!a.m s^.nc and Actions Taken. None.
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- March 31, 1994: -Compigte a-n-gvaluation report to determine which
---sase, i{`aity,-need-to--be-ocmtinuously-monitored-in selected ferrocyanide

tanks. A report was completed this quarter (Fowler and Graves 1994) and
--- will be AratPA a.^.d ;w,s» in July 1994.

September 30, 1995: Develop and design continuous monitoring
efluiument, if required.

- September 30, 1997: Install continuous gas monitoring equipment in six
t9nks_ ifrrauired_---- - ^-

--

Public Law 101-510 (1990) (Section 3137 - also known as the Wyden Amendment) requires
_thar_-":..Me -Ne€^, ,'`M..;-;, sh,:ll ident{^j' which sin le shell tanks8 !R'atch ListJ... may
^1^ = Y^___ǹ °ous potenriaifor release of l^igh-lev^el waste the to uncontrolled increases of...

_ .^... . . . .. . . .p^rg •ng s:{ca taer.;^r__...,^^^.r,. tio c•^•^,,, snau aetenrane wnether. .............,
_-------__rontinuotRS_monitnrlttgis lze,ingcatried oLt-to dete.cto relerzce or o_rrocci»e . .. pressure at

each tank so fdentified. Ifsuch monitoring is not being carried out, as soon as practicable
^_ _ a __-_-__- _L_11 !-_._11 __ _ i ___ ____f _ _ - _ _

"tn3ta[rSnCtCtnon{{oring....

The fe.-rvcyanide mr'"a were initially identified as having "a serious potential for release" and
------ ----- -- wm plitced=on the-Watch l.ist; howe:er, pressure monitoring capability does not presently

exist for the tanks. it would take several years for pressure monitoring instrumentation to be
installed and connected to a continuously manned location, because of the capital project time

--- -- ---- ----- -cycle,- Suffmiett ti*:owl^ge on the safety of the Ferrocyanide Watch List tanks exists at this..
--- ----- ---- - _ n-_..- a m

tfiile=.SU1e .. en f fa
^^b

n_.4
is
n_ 7-- - + - - f- x:cl"+k{k{rl-`^'.b . -^a^tw^i.^arJw- - / r ar veP

----------_likelyJhat2llof the fernacyanide--tatilrL now sontain-les.s-than-±he 8 wt% sodium nickel
ferrocyanide specified in the fuel criterion for the SAFE category (see also Postma et al.

_ ,^4j: :t is atiticipated that enaracterization (core sampling and data interpretation) will
pla:.e-al-of the-tanks-into-tt:eSAFE category, because-of theioivfue; vaiiie re,i{aieing.
P:a ement of the tanks into the SAFE category means the tanks are candidates for removal
from the Ferrocyanide Watch List. This would eliminate the need for continuous pressure

- ^ _ •'- - -^ -- - - -mIImtoring fSr OLi-S:a3eS ilYlm^IPriix:rauuc rawu^n.

'- _ -Progress-Daa*ing-icepo*ting Period. -A-summary of the-rationale- for not
installing pressure monitors in ferrocyanide tanks is presently being prepared.
Low gas generation rates (Fowler and Graves 1994), and the low potential for

= exothetst{ic fe^rocyaaide zcacaon-s rostma et al. 1994) indicate that continuous
pressure monitorin¢ is not warranted.

.„
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PlannedWorkFor- Suhaeauent Months. Complete summary of the rationale-- --- -- ^ -- _---
for not installing pressure monitoring in fenrocyanide tanks, and submit
recommendations to DOE.

• Milestone Status.

July 29, 1994. Complete studies to determine whether continuous pressure
monitoring is required for some or all ferrocyanide tanks. This milestone
remains on schedule.

September 30, 1995. Install the first phase of pressure monitoring
ir.st.^.Dmer.*a.u^ , if required...

Set;^,;er 3;, 19%. Install pressure monitoring instrumentation and
readout capatihility on all applicable ferrocyanide tanks, if required.

4.4 FERROCYANIDE WASTE CSARACTERIZATION

0 s :ewe'-'h.^°
/s^-ta.^_

each

r.._ '__-•_' '"`-^'^'^ , i^'3^ £^37tPe» , . ... s^loiP^ $^gre. aily at1'c^r,wrtt. i

be^ea. • //.% iL.'^.i.^W VJ-l.i{VVr^V^Ya^eJ^ro^-eaLl^{-.l^^^iY^Wii tW.hNiV

ram^%%tod ^a^r-Mis-ser-iot<siy-inatiequaae in ugha ofthe u„cenair±ries as to saJety
--_of these tadkr. F)athernwn, additional samples are required at several radii and at a range

--crt'eletsatiorra^forthe urnks Containingsubstanttat-anonrrRS vjjer-r-vcyruurie. .

----C^a€aeterlm'1^ ^ft^um^ irtdlte feiroeysttidtfa^s-is^t^essary iG:--(f)-guide.,ui2r
--- --

__t
__chemical .teaction studies-vft the_fer_rocyanide waste simulants; (2) determine actual waste

_ ._chemiea; and 'vhysiW properties; (3) determine how the ferrocyanide waste can be safely
-stored-t^_ -ana^laSStty 1ile-tanSS^y-Safet}! fatCQOIX- accn*Ain?ly,-Wtll-rer*ie^+al and

- -
-disposal actionsare completed; and (4) apply the study results to the final remediation of the

-- ------- - waQ^w. T1+3s :nformafion is necessarv to resolve the Ferrocyanide Safetv Issue.

Thv impor.ant-rea&ve ma^w^wls prrs,.^t:t in the ferrocyanide tanks are fuel (ferrocyanides,
sulfides, and reduced carbon species such as organic complexants), oxidants (nitrates and
nitrites), and inerts or diluents (including phosphates, aluminates, sulfates, carbonates,

^tyd • e\ T6u1ti.eHn ' 1^'^ 90^uses< an^^td^,.-- ..,.m-..,.,a.,aoffssston -prad^^^-suchas ---Cs and cr is important
because these products are heat sources and potential source terms in postulated radiological

------- ----------dele3Se£-flim-? 13yyMtlletiA-feYTLiY'.ya ' r e1mr_DP_uratPr rnntrnt of 11e-w2stC-i8verjr

--- - impor^t^^ause water's high heat capaci'ry and vaporization heat make it an effective
if3r'ft :P.'..°»°^.P.1: Wa.,-,r cUL- pl-rVe;^^l a susrained combustion ar a propagaang reaction ; Wet

ferzocyanide- mate^would res]uirellLytng_hcfnreitrould react or prnnagate,
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4.4.1 Core Sampling and Anal_yses

Core Sampling. Both rotary-mode and push-mode core sampling capabilities will be used to
obtain core samples from the Watch List tanks. Tanks without saltcake and with relatively
soft waste soiids canbe core sampieri by the push-mode method. If a hard saitcake layer is

--- ----- _¢resennt}mta-ry_-mode cote sampling will be used. The first ferrocyanide tank scheduled for
rotary-mode core sampling is 241-BY-106.

Each core consists of several 48-cm ( 19-in.) segments (orportio_ns ther_eof) deoending on the
------ depth of the waste^I.he tan'.c The sludge layer in f.h°.se cor°^s v.^.il be divided into four
-- ------ -- ---12-cm r4..75-i-n) subsegments for each 48-cro segment. If the tank contains a saltcake layer,

the saltcxlae segments will be divided into only two subsegments. Process flowsheet
knowledge, tank historical data, and results obtained from tests with ferrocyanide sludge

., . ,_r. .,.-^ts^^tsci-sv-supgnci1:^ee-aw-masrYt:s:ar-iGault&-from'.ore satttpl'„^.g.

ne-prioritp-for-sadmpling-feEroeyastide hnks-has been changed to reflect the need two
--- - - ----- --- -dete_Tw3ne-the reactive -p,.rr^The.S of the r„rmtrn,^ntc rn w^now to DNFSB

934fm upedite=sas^pling-autiwa_lyscrgr^mir^teraddress safery issues in
the Hanford-Sita-Watch Iast :a.nh; the anaiysis pian; for ^;^-e ;,..,yanide tank core
samples (and the plans for other Watch Ust tanks) have been revised. The Watch List tanks
have been given priori'ry for core sampiing, and the number of required analytes was reduced
and refocused on safety-related properties.

• Progress During Reporting Period. A total of four attempts were made this
_ , quaTt^t^4. p^sht^ode^-camnle ^.n-1-m 241 _r-1 nR andd -111. -.Ali of the 3ttempts

resulted in low core recoveries. Core samples 58, 59, and 60 from tank
241-C-111 contained 26.5 grams (- 3.8 cm [1.5 in.] of an anticipated 23 cm
tY m.^ 1.7^^, grams (anticipated 20 cm [8 in.]), and 19.7 grams (-2.5 cm [1 in.]
of an anticipated 15 cm [6 in.]) of material, respectively. Similarly, core

-- ----- --- - recove_*y for t?nk 241-C 108 was less than 20 grams (-2.5 cm [1 in.]).

._.. ..... . _.:^_Faltfiougt'i-Aic as
__..
u
..ssca^--wd$eve arseqnate t41-d:v:de d.}!e-sampie& into ^y'.:a:^.er

- segments, some analyses were performed on cores 58 and 59. Core58 contained
- a smallmck, with a-mass-ofapp-roximately 8gramsaThe remaining sample
contaired 32 wt!^ ^:%ter-and an of -13 ca:;g (o:. a dry basis). Core 59
contained1.7 erarns gf_off-white, crust-like material. ' This sample contained no
exomerm-aneas believed to ber,smpos=d-primanly-o€a3umun.u::: hyd.Vz:de.

--__Core 60 was archived and no analyses are planned for this sample at this time.- -- -
Fes-uits frorri iimited ar,aiyses of the 20 grams of material from tank 241-C-108
are pending.

Because of poor recovery during push-mode core sampling, the sampler design is
being modified and tested. Testing on simulants revealed poor recovery when
the surface material is considerably harder than the material beneath it.

^`^Idaiei^IB_Deingtcs[^ 1nelUdC=diY^ii^it-dE.c_ion; of tne sampier,
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_- vP3r^etv r.f the s8tilpler-through-^ftivaste-,- and-impiiw^ of the SfuTipler with the- - - -
rn_ton4 fnafinvu^'e1111Ffi.__ D atilp _ 11E_64mg1eGDd next mwrter,

While testin¢ of the push-mode cmjampler is beine conducted, tank 241-C-111
will be auger sampled. Because the safety criteria are applied on a quarter

---se¢mettbasis (i.e., 12 .^r. [[4.75-in,j layers), samples will be taken in successive
----12-cm incremeats, _The auger_shroud will he leff in-placx and_the auger will be

de de^+!r t't:-E=Sam--e-hpl^ duliitg ca"h SBmpling. ^3b^flonS of wa^tt:
= e^'u^d^ sain si,ggest the-waste-irrthis^ is 'p '̂rig ' rlgld, and

will not readily slump into the hole created by the auger.

• Flanned Work for Sulhsequent Months. redesign and testing of the
push-mode core sampler is completed, tank 241-C-108 will be re-sampled.

_ -_-kotaLy_tnode-core-sampling -of fhe- firstferrocyanide-tank (241-RY-106)-has-b??n
tentatively re-scheduled for September, Acqess to one of the riserS in Tl{ttk ^41-
RY-l04 mquires c;rrtstrttction of an elevated ..r for t~e rotary-mode truck.
'1'-his-nmp will-not-be-av°0:able unt:1 early next FY. Rotary-mode sampling was

_ • _H --L-'---J Z-- - ----^--
in

^I---___.__ rlftaiilauv sr:nrloyml for r-mm"Jennn in

-_ Tll^'i d= 23t ^ r1:7li^.a`'"" " 241T-107-s7r.11-beC9tttplet:` in enanef16' f LL'S !$"^ -1'""-_ _-_ _-___ ... ....6..0.

1994. The ferrocyanide Data Quality Objectives (DQO) document (Buck et al.
1993) has been updated and will be re-released next quarter as a Westinghouse

_ Hanford Company Supporting Document (SD). Because the DQO report is a
living document and may receive several revisions, the SD format allows the

_ _-_ __ FIanford analytica11ab9ratories 1Qquicki} retrieve the most current version for
their use.

-^--- n^obeem A^as and Acdlou^ Takeh: -Push-mode sam ofpling Vr fewy'p^.:de tanks
241^^fl8 and =1^1 ;osislted^n-poor-cOrerecovery. As a rrsuit, the push-mode
sampler is being re-designed and tested. An in-tank test should be completed
next au"rer''.niie design and testittg are oeing conductedLauger samples will
be take7E 19 ta;.k L41^rIII,..

^ 1̂ ,p^V^ Sta^YD.

February 28, 1994: Complete interpretation of ferrocyanide
tank 241-T-107 analytical data and issue a report cleared for public release.
This milestone was deferred to August 15, 1994, because of difficulty in
interpreting the limited data from core samples with low recovery.

September 30, 1994: Obtain full-length push-mode core samples from
- -tsa,'e ferfocya.tide ta.^-(241=C-111 and--C-IOS)^ :'his :..iles:one .:.ay be

__--_----_ ---__-_; becauw afthe-probiems-enconrltcred-,vii}rpnslrmade core
. .....l:nn ..C ^6s.s MnL..

saur^llurb ^sa urc.lc ww.
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_ 5epteniber 30, 1934: Obtain full-le,ngth rotary-mode core samples from
three ferrocyanide tanks (241-BY-106, -105, and -108). Completion of this
infiestom9131ilYip^..

ipplilX2^te[y-^t^i iQt(%Iu^.^.Q`yp{r the rotarymode

core sampler was not ready in April as originally planned. Tank
241-BY-106 will be sampled first (rather than 241-BY-104) in September
1994.

September 30, 1995: Obtain full-length rotary-mode core samples from
the remaining ferrocyanide tanks.

------- -- ------ --" --March_31,_M5:__Complete data interpretation reports, for public release,
- - --- -- -- - - - - for €sire-€erroc^^ide *W.^h ^^d1 -r'_108 , - 111 , 241-BY-106> - 105 , and^W •^--^

s:9ttlplezipn-of mis miiestone jlas Supped_b@Cause-of-dPlays in
obtaining core samples. A new date will be set after successful operation
of the rotary-mode core sampling truck.

- jime 28, 1996: Co^«-vieie interpretation reports, available for vublic
--'-'- : ^- rateaFr^fOr ihc rcn,autuig feiix:yanide uuucs.

Fourier Transform Infrared Spectroscopy Analyses. Fourier Transform Inflared (FTIR)
maSh4i r.^F-nh,nis.a-£r.^ -ilntnondin.r a t;n^-ann!"rn.;

----o

stsuatd-remote-chardcteri7atlon _of hlghlytoxic-andltarardousmaterials--Recpnt
developm.nita in FL'fR-ba fibrs optic spectroscopy have provided a new methodology to
chemically characterize ferrocyanide-bearing waste. Chemometrics and microprocessors that
allow storage and rapid analyses of data have significantly contributed to the development of
etatr-nfthn-art fihwr rmtir ^mhnc.,...... .,. ..... .... .w ..^..... ............

• Progress During Reporting Period. Some of the Fourier transform infrared-
... _.. ^..-.°:.-.-A at

.
^sCopI1r (jFM-PAS%1

_
t^IlIIGiugy ucvcavlicu ai "ute Ames

iaboratory, iowa S4ate tiniversi'ry, was uansfen-ed to Wesringhouse Hanford
Company this quarter. To facilitate this technology transfer, similar
instrumentation r•rIx-YAS spectrometer and photoacoustic cell) has been
purchased by the 222S Laboratory. The FTIR system is capable of sample
eaamination_from the far infrared to the ultraviolet regions of the light spectrum.
It ^.ti.^. ale,o perform in-scan co-addition with scanning rates of 25 to 800 hertz.

--Duringthisin;tial phaae of technology transfer, collection and treatment of the
spectt'al data wrere performed-tsing the ri"""'uc vendor's somvare. riowever,

-- - -Anteslaborstory has deveioped a rapid and automaied method for the
simultaneous determination of sulfates, phosphates, and nitrates. Work on the

q;, -2s1asa-tha-f:PSrn^t•onislaon^ntatet.i^ :•• ••^•••,^••••svi:IeQte , ....,........ .. . .. ^ .... ..... ... is in pt^^^oss.

• Planned Work For Subsequent Months. Develop ferrocyanide analytical
--- -sofiwaie and complete-technology transfer from--Ames Laboratory.

A 11
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, v...a.>d... s^Q and sons Taken. None.a1YY^^ C1^rY. r^r.

e Mestone Status.

---- ---- - Jtlly 3$- 1»Ki: vvidc atr, ivuerifll letter report On the status of FTIR

system performance in analyzing simulants and actual waste material. This
ftalr ia nn erhMhdP

,- -Segtember-3k-144d.r Issue-a publicly avatlableprogrr_-cs r_emrt on
- - - - - --- ---- -- - --- - - ----FY1:WIFTIRworlC-wSt.h^,mmpnnnnnc on fiifiiiP. work. This

milestone is on schedule. _ ~-

- September 30, 1995: Issue a final report on FTIIt technology

-- dCVelop[ttCntHnd detnonstration, if irarrantdi.

-- _ - _ i:-a
--.'eptembe.*34,4 >_. - DCIlioy-8n IliSdt^..3-f?I`IR8yst!]T,-I --w'[eo.

A A ? ?"^tien")tinn nf Mnichirn Cnntnnt

_-Iu(e detErmining_moiStus-Oonc/eaitEations-itf€^rrocy3^lde =Qr^ t^n!^ 3re being^31t^sfiOr
developed using data analysis and available surveillance systems. Two in situ moisture
monitoring technologies are currently being investigated by the Ferrocyanide Safety Program:
neutron diffusion and NIIt spectroscopy. Additional moisture monitoring technologies, such
as copper foil activation, phase change thermal measurements, electrical conductivity, and

time domain retlectometry, are being evaiuated by other programs.

Neutron Diffusion. Well-logging techniques, coupled with computer modeling, are being
applied to neutron diffusion technology to determine information about moisture levels,
material interfaces, and other waste characteristics in the ferrocyanide tanks. Development
of an improved neutron-diffusion-based detector system began this FY. This improved

=-teCYffiiClue woutit piitnat7[lYbe used to-deteririine-the aXtal-mfiisiure wncenuation profile
... . .. . . . . .

-------- --- -- ---wftd}lt}-L:'li-Ie£^janl.^._P ta.n.^.

_==---Moisture-mramurement-using-neutron idiffission is an established technology. The technique
uses-$ neulion sou= and -one-or more .n.eut<on detec;ors. - -The thermal neumm'ns
detector originate as fast neutrons from the source and are slowed or absoroed by the
medium. Because hydrogen atoms are very effective at slowing down neutrons, the detector
mmonse is a strong function of the surrounding moisture concentration.

Two methods are generally used in the measurement of moisture concentration around wells
using neutron diffusion. The first method, the moisture gauge, has a short source-to-detector

s-F,acilsg-on-the-older of ts (the souw is p^°.sced in a ring around tlte detcetorj to 6 cm [i in.].
The rea-Fu..se of a;..oisture gauge is cnaracterized by an mcrease in detector response with .
_insracir:.. ;nnael:e^° ••••••••^••^•••.,,. b ....,:..- .,.,Hw..uatton of the surrounding medium. The second method, the
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log, often has two detectors with longer sounce-to-detector spacings (20 to 50 cm
-j8 to 20-in:i). The detectors in a-neutron log arrangement ezhibit a decreased response to
inereased--moisam-con=t-ratlons. - ?he-det€ctor--placed-at the-shorter,..ng-9s used to
correct the response of the longer-spaced detector for borehole effects.

The source-to-detector spacing of the existing probe may be adjusted with the addition of a
source extender. -Computer modeling of the existing neution probe system revealed that, in
its current configuration, it responds most like a moisture gauge. The probe will operate as
a neutron log with the addition of a source extender.

^-,nc; u:,nx- Reporting Period. Neutron detectors from two manufacturers
(i.ND; Irw.-and Nancy Woods laboratory,-Inc.) were &W-Sted and compared this
quarter using a Cf-252 neutron source. The alpha-particle energy resolution and
optimum operating voltages were determined for the probes. The detectors
supplied by LND offered the best energy resolution and operate at lower voltages
man the Nancy Woods detectors. The Nancy Woods detectors produced a larger
average pulse height signal.

3'hetetecwrs-were subjected to gamma ray fields comparable to those expected
in the ferrocyanide tanks. An ir-192 gamma source was used to provide gamma
exposure rates of up to about 300 Rad per hour (Rad/h) on the probe housing
containing the detector. All of the detectors were operable in this radiation

-raekground; howcver, the i,i.L detectors seemed to be more effective at
dts-.^iuinawig against u.e ug"uai w^^au^g aivm gamma rays.

Thermoluminescent dosimeters were lowered into the liquid observation wells
(LOWs) of three ferrocyanide tanks (241-BY-104, -110, and 241-TX-118) to
measure the ambient gamma dose rates. The maximum measured gamma dose
rate was 379 Rad/h, but the typical dose rate in most of the waste was between
50 and 150 Rad/h.

rreparation of a neutronically equivalent simulant containing 25 wt% water (all
_-, --__,__-- -_--__-_- _- ---cs;ti-c-n-IllV bo ,nd to the constituent compounds) was completed this quarter. The

water content and uniformiry tnroughout the simulant is more easily controlled
and maintained by using compounds with bound water. This moisture standard

_-----_wuiaae^^a^elps,+9mglete moisture resnonse calibrations using the new
- ne„tion ^TMbe.t-

' • Planned Work for Subsequent Months. Final tests will be performed on the
compieted neutron probe prototypes. These tests will include moisture response
calibrations with known-moisture-content ferrocyanide waste simulants. Two
additioitai moisture simulants will be prepared containing about 15 and 20 wt%
water. Computer modeling will be performed to compare calculated predictions
with the measurements. These same computer models will then be adapted to
pefform_tankwastemodeling. Results of the tank waste modeling will assist
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-with interp^aiions of prototype tank scans yet to be performed. Initial test
scans of ferrocyanide tanks using the prototype probes are expected to begin in
July 1994.

4-
-- ...^

^e^1reS.^iant^ Ai
-

^o^i$1Fen. -- fiie-p(Stuaa cistuaw of material

anomalies near the LOW, such as air gaps between the LOW and surrounding
waste materials, will affect moisture measurements from within the LOW.
Better wavs of identifying anomalies and methods to correct moisture
measurements for anomalies continue to be investigated. Neutron probes will be
tested in simulants duplicating some of the potential anomalies. Modeling and
testing will be combined to produce a computer code that will automatically

--proeess the data-to give a"oest estimate of the waste moisture concentration.

= :...Wone Status.

September 30,1294;_Provide a documented working prototype neutron
;3obe-system for moisture monitoring.

September 30, 1995: Complete installation and deployment of the first
phase of the neutron moisture monitoring system and initiate monitoring.

- September 30, 1996: Complete installation and deployment of the neutron

----t!?o;3tnrG,rttolnt32Fing--System-for^^iPi?-inonito€ie}g itt terr^=La^adA !.an'.-:s.

_eWILIplO counainino water is normally
-dominated by strong-absorption from the -a-Ater molecules:-- The strmtgth-of-this -abso.ytion is

- sufficient f^ determine the ivatei content from the baci-scattered light from the surface. In
this application, the near innared 1.4 to 1.5 x 101-m region is being investigated for
moisture determination in tank waste materials. This optical band, in addition to having a

---- -------- --- stfong vensitivity-to-water, can-be-inssumented-with conve.n.aonal opt:cal. fibev, `:.u.Mows^
and lens components.

.s .....1 1:.....:-- >^r-`'aau^-ea"^^+Y'atiauv....ssS, hvQlnethods o -lmpleme3lting-Nlllab£OrptAn are -bet_^g
^z?^ti^. ^iii^at^pi^^ use back-seaC^ ^ e;le: and^^velengtlt p^sin4te
eYFraCt-moi£tll.^E-0aE3.--The- flr£t-mgthod uses an-NM-spectro£colty ..evctrm tvith 2 rr+mntP-- - ^........ .. .... .. ...........
z opdc-probe-ibat-makes_a_pomt- moisture zleasurement. This system could be deployed

^leimmaier nr_anrf4= scanningA=, -sIIcn_as-tlte-ltgnt-dutyu_nll[y arm heinv

for early in sir`u taz>r investigations. Deployment as a contact or non contactdeveloped
- - -_---vrimi&-possibie

region. The second implementation method being investigated is a non-contact remote
-caislera-witir a sensitive 1^IR detevtoa 'QIR source that will measure moisture ofand yuwcaaua a

^a:. -° •,,•;^* f^m:. ^ large lift-of-f-disrance. --B^s..a.nning-d.his point-over the waste surface, moisture
data can be obtained, in much the same way that temperature contours are obtained using
thermal cameras.

d_1!.
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A contract is in place with the University of Washington's Center for Process Analytical
Chemistry (CPAC) to study infcarcd spectroscopy as a tool for in situ moisture monitoring.
Phase 1 of the study evaluated potential characterization using several light frequencies

--- ---- (viaibl_E; rix; and mid=infrared) and conciuded that ivi"ti nossessed the greatest potential
(Iteich and Veltkamp I993).

• Progre9s During Reporting Period. CPAC completed Phase 2 work on NIIt
moisture monitoring technology this quarter. This study showed that for a
tank-scale demonstration of the remote, non-contact camera concept, there is
adequate sensitivity to consider a non-contact, camera-type moisture sensing
system. HoweYet, initial-atmospheric absorption analpsis indicated that the
absorPtion tiY ^-tfie' -spece moisttLc ^"v"iu svrsir im i any tYpe Of^
"open-patlL"moisture_measurement,albsorptinn is a fiinr.tinn of thC volume of
water encountered by an optical beam. This is a function of both the relative
. aa;......... . ..._.^ :.:----c; aon) and the path length in the vapor space area.. . . ... ..^!x?Slsfibs^_ -• ^" ^^^ ^^t have^ t:ave this senstnvtty because

----- ---- the'free' opticalpath lengthsare insignificant (on the., order of 2.5 to 5.0 cm
(1 to 2 in.), versus 3 to 46 in for the "open path" concept). Additional studies

------ --- are in progress to quantify the potential impact on sensing accuracy and to
identify possible concepts for mitigation of this interference.

The Phase 2 CPAC work (Reich and Veltkamp 1994) also showed that particle
size and chemical changes in the waste increase the measurement error, but it is
stil!-possible toobtain-moisture-readings seritltin-a-t 5.° a::,:.a;y envelope
using the reflectance spectrum. If these interferences are part of the test data
used to develop the partial least squares calibration, CPAC has shown that the
error envelope is smaller.

Software and system hardware problems have slowed testing of the Savannah
Ml.T 10% -iitvwi^iac -"sy^ic^n- -- M"a1h11tCt10n1ng h6rdwarG

components have prohibited system operation, while errors in software have
impacted the ability to acquire good spectra, and are preventing the system from
being calibrated and tested. This will delay, by approximately two months,
ttansfetr;ng- the SRL1Qit -system-to the hot-c& for-testing. - Initiai testing has
indicated that the original calibration was limited to a 0 to 24 wt% moisture
cor.tent,wltich is not adequate for the ringe anticipated for actual waste samples.
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-------- ------- - _ Plannnul W-aDe-for Subsequer.t::.or::e. Lpzradonal documentation for the
----_--- -----SRI.-systemvuiL-be-complste<ita supportcold^nsihot n sys+.em operation.

'."`,ie aalibtation and testing of the NIIt system with pure materials and simulants
will be completod. Based on these test results, a decision will be made on the

-=status-of^ftPU and its ,t^..^l ab:li; to be used for the hot cell testing of
------ -------- -- archived-waft taalEanaterisis.--CPAC%d11 complete a Phase. 3 work scope to

---^_ ._ -"r. `-__`:__ - -- •9^vesagair~ One iYUC mois^m^ pettOrmanOe Or '1' PIarit simulants. Concepts for
mitigating the absorption from the moisture in the tank vapor space will also be

. Probiem Areas and Aciion iaken. To acceierate coid and hot testing, a second
SRL NIIt spectroscopy system has been obtained. System operating
documentation is being prepared to support the future operation of this
measurement system, and some spare system components have been purchased.

M^;Q^,*• in :he tank vapor space is a strong interference for using "open-path"
- - _3+TMin®gSt=-swsing-Gl.nSac}zty-M the-tpnks>--Fibe.roptic-pmbe avatamc are not-, -^..._

ar:ected by ihis=oecause of-llteir short'free"- p,h ie;.b,hs. However, with the
•open-path" camen concepts the optical path in the vapor space can approach. , - - -- • _ --4o m. With hign nmoisture ieveis (over 5u16 relative humidity), the attenuation

- - -of an N
^+viK

optical beam crossing the tank vapor space is siRnifica,nt in
comparison with the changes in surface reflectance. Potential concepts for

- - - -mittgat<nglhis-absorption am-being invtstigated-before-pro-c4eed.hng with a

- scsio-upalemonsuauon.

^ Mi^aainwn l'fni.,n
- a,auwavuc ^awaw.

- hbreh 31, i994a Complete the Phase 2 surface monitoring interference
study/scale up report. Work on this milestone was completed this quarter,
and will be reported in two separate documents. The first of these reports
(Reich and Veltkamp 1994) was published in June 1994 and the second will
be published early next quarter.

= August 31, 1994: Complete Phase 3 surface monitoring work and provide
a report.

- September 30, 1995: Complete the surface moisture measuring
development-worit and the in-tank demonstration test.

- September 30, 1996: Initiate installation of surface moisture monitoring
equipment if the demonstration test is successfuland the need is warrAnted,

Septrmber 30. 1997: Eomplete :mtallatiotr of the surface uio;stwr"^^
iTuni'u,nnp Sv^P2n,- u M%iITAnI

-,
tYI
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- - - -4As3-Prepatatt9n-andCharacteiizatioll-of Ferroc_vanide waste Slnmlants

Ferrocyanide waste precipitates are being prepared and analyzed to determine the

--comP6siti'^^-p^ P^^^^!^sPal^rsrr.osnn properdes-vf 'siitn -uiants 'tnat YepYesent
fewy^oide Waste stored in SSTs. The analytical results from these simulants, along with
analyses of actual tank waste samples, waste tank monitoring, and waste modeling, provide
information to characterize with a great deal of assurance safety concerns relating to the
sludge in each of the ferrocyanide tanks.

The waste-simulants (without-radioacfive species) are being used to represent the variety of
^astepfsd sc^^ritt#lte?3tid=14`5€3s^d^tored^ua°STs e:racyanide,Kas}w prw+uce: at L':e
Aar.fordU Plant-is-:rpresented by U P-:ant I-and U-Pla.•tt 2 test The U Plant 1

- - i;rVa simulant-represents d1-of j'9-batches and-the-U Flant ^ simulant zepiese,its 9 of 59
batches of U Plant waste. The average U Plant batch volume was about 2,300,000 L. The
other nine batches of U Plant waste are expected to have a ferrocyanide concentration
betwean that of-UFlantI -andii Plant-2:- A test mix«;mr. representing these batches will not
be prepared and tested.

- ine itt-raYta ftowsheerwaste-(irrfourU Fat'itt iaziks)-is represenied by in Farm 1 and
In Farm 2 test mixtures. The In Farm 1 test mixture is representative of one batch (expected
to have-t.rte greate,°t fe.wva.^ide :ancetttrafion) of the 291n Farm batches vrocessed in the
1950s. In Farm 2 is representative of 11 intermediate ferrocyanide concentration batches of
the 29 In Farm batches. An average-sized In Farm batch wa& approximately 1,500,000 L.
Itshould-als9 be noted that 6 of these 29 scavenging batches did not contain any

tinr arvlinm milfiri,n._w 9'-e o..Ad^_do^nltat!ce-Frecipitadonef 60r0.^ r ^. ^ K....- ^..s.^

A T Plant simulant was also prepared for testing to represent the six T Plant batches
produced. An average sized T Plant batch was 2,098,000 L. The T Plant ferrocyanide
sludge is stored in three TY Farm tanks.

main- ad}ust:nents ftm- the actuzl-praxesses used in-the 1950s were :^.ade i:, the
-- --- -- ------laboratory =yenging_preparation method to „n,vide waste simulants representative of

ferrocyanide sludges. These changes are as follows: (1) the solution concentrations were
adjusted- to include nitrite at a 1:3M ratio of nitrite/nitrate, to account for nitrite buildup over

------ ---- time in-the waste by radiolysis of ^utrate; M) the •^a,^*w simulants prepared for
characreri7atlOn-do not LontalA radloactivelsotopes-preSent-in-actual -wasre., because of the

difncuity in working with radioactive materials; and (3) the settled waste simulants from the
laboratory scavenging process were typically centrifuged at a force of -2,500 gravities to

an equivalent 30-year settling period.

The moisture content of fenrocyanide sludge is very important in the exothermic reaction
behavior of feizocyar,ide/niuate-nitrite mixtures. Studies are underway to evaluate the
moisture retention properties of ferrocyanide simulants as they relate to possible waste tank
leaks, tank stabilization by pumping, and possible evaporation from exposed surfaces.
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-------- ---- ---- --'-----Ptogrm m!^;q l^po^ Period. Three experiments have been conducted to
determine the capability of simulant sludge to retain water against the pull of
gravity, and thereby the material's resistance to dryout by drainage. The
experimenEs am -(1) dcaioage from a 24=em-(8-+_n,.)4_ong x+l„mn of in Farm 2

- '-- - - ----- - - -Sim-- --.^ =-- - - - - ------------ tL)-G"^,.--'1R3iLLgatloll o - - - ^'oT'.tt - - - -3ttn' $t- '.'aCivu^ Saa^".." ......' ai (g) forces in
------------------- ----- --^,^=,..hv^ Ataa. ....a M^with an -cspe;: ---- -- glass.,.w., and ij) expulsion of supernatant from- - ----- - ---

- uP1Snt 1 3Yinulant}tt$Tcnlpe a;cu with ayyuwr a'u pressure.

- - I8-a11Viree7v[perSttienlS, the iOa3 of supezratanT volume fLom tlte simulant

--_santples was Assaciatto Aitn"uaireductlonvf buycvotume.---This-oecur^
YqgArdIesg-Qf-whcfl_W the gupernatanr uM expelled by (1) natutal draina8e, (2)

---- --- -------- --- --------incrt-a-sed go f----^, or (3) applied air pnssure. Because the samples remained
liquid-saturated during shrinkage, the simulants lost water through a process
called consolidation. Consolidation is the (collapse) of the volume of a

- -= - - -porsiug mediatn by -anapphed-load. -le:- thedrai.ting-stnall solu:^.. , the 1^..d was
produced by the sample's self-weight.

Figure 4-1 shows the consolidation curve calculated for In Farm 2 simulant from
mmmments at 1,10, 20,50, 100, and 2000 g's. A curve is fitted

through the measured points to estimate values between actual measurements,
and to make interpolation possible. Over a void ratio of 3.4 to nearly 1, In

---- ---------- FarRLsintulant-change_d water cnntent from 52 to 34 wt9&.

- '- - _ •^ _ • - ---------- IBdcntarlLOf^lolt^cilstUIe-Equlpment_iQpo^^on, ._l'anta RarharaI California.
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Figure 4-1. Consolidation Curve for In Farm 2 Simulant (Centrifuge Tests)
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Figure 4-2 shows the consolidation curve obtained for U Plant 1 simulant.
Results are presented directl-y in terms of wt96 water instead of void latio, by
using a conversion. The actual curve in terms of void ratio is nearly linear on a
loearithmic scale for effective stress head.
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Figure 4-2. Consolidation Curve forrU Plant 1 Simulant (Tempe"` Cell Tests)
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A_smali-coiumn-of in .rarm 2-sim»Ant with an open bottom (sludge retained by
screen and a porous filter paper) has drained for nearly two years. Originally,
the experiment was set up to determine how dry a sludge sample would become
if allowed to drain freely under gravity. The mass of the drained supernatant has

- • - . _ . :. .
beGltSC'cuIIhllSted_andmeaslued_oveLSime. -Wtth_Lhis information and the

--preSutnptiolLthat_Ihe-slmple remains SatutfitedAs-it-cQn3oll.datesy the. vnhimetnr

liquid content in the column can be calculated (Figure 4-3).

In Riga:re-4-3, the volumetrie -liquid-c$ntent-appears to approach asymptoucally a
iower iimit of 61*-io tiU vo196. By using the consolidation characteristic of
^'igttf^^=^,^the a'Jerag^ iCiiCi ta$u3 ^of3tiSiring-equ`i'tibriunt-wifii an open boiiom
is about 2.6, corresponding to 59 vol%. This indicates that drainage is now
approac:.ing completiorr. -However, eonsolidafion theory suggests that the
Arf,,^^;,nYge rwulld wnr,mue ;,,;det'yutely at a very diminished rate.

For the two years of drainage data obtained thus far, the exponential drainage
model fits the trend well. However, in this small column experiment the change
.R vO:6 ISIIO OF wfiter Co7tt@i1t "wa5 not a8 large$i iniuguL vwui in a much larger

thatwould have greater-effective stress. To verify the model further,
-- ---centrifiigau'vn tcSu were conducted on the In Farm 2 simulant contained in the

small column.
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Figure 4-3. Volumetric Liquid Content of In Farm 2 Simulant (Small Column Test)
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Samples were subjected to 500 g's that produced about 900 cm (354 in.) of
--effective -stress head-itt the sa^iiptes.- Figore 6-4 shows the caicuhtied wt% water
content in the samples. The samples were driven from 45 to about 37 wt%
^vater -in-ordy-1^ hours.-T!:e !owest val,,,e w:w,rind well with the
consolidation curve in Figure 4-1, even though a different sample of In Farm 2
simulant was tested. This indicates that the simulants drain via consolidation
regardless of the source of pressure (self weight, centrifugation, or applied air
pressure).

The 3tnp2*&1nt observation from this work is that the simulants drain by the

mechanism of consolidation, while remaining liquid saturated. The point at
which sim"nts ^os,^de saiu^ has not been ^scovered by he +ws*w

--completedto-date. -Consolidation results in the-grear.e.st fiquid loss at the bottom
ansd ihe lerst rMuctio^. in water content at the surface. Therefore, the drainage
behavior in sludge is opposite to that in a rigid porous medium, such as sand or
aaitcaioe- ine-stimuiattts-retair! cwnsidsaable water-even-though some amount can
be-drained-by-gravity.--Direct-measure...en t of the consolidation characteristic of

- actual wacte-is-esset:tia3-to-predict-the water retention capab°,:i,y of the sludge.
Centrifugation is perhaps the fastest and most efficient way to test the hydraulic
properties of sludges with only a small sample. Centrifugation also allows for
tpctinv nver a Qreater ranve of effer.tive_.o _ ' - - ^_^ _'o- -' -"-- stress in the least time.
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Figure 4-4. Water Content of In Farm 2 Sample Subjected to 500 Gravities
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• Planned Work for Subsequent MontLs._ Modeling of the drainage properties of
the and cenaifugation tests will continue. The effects of relative
11lulltidity oIt- moisture_Ggntentwill be ev?hiatetl nnrinr oenmetijc conditions------ ----- - - e-...

. .: :. .: ..__
repn'sGn^.nvC ^: t^^ NQ Ss

A on on the three methods used for drying the ferrocyanide waste simulants----
- -115a1 W lILYiIqLW WlY 1JJYN^.

• Problem Areas and Actions Taken. None.

• Milestone Status.

Mareh 31, 1994: Issue a report, available to the public, on the evaluation
thrce-waste s1m1t1allt dtytilgmethodS.---HCC3n cr of data intelplet2tlon

difficulties, a decision was made to repeat some of the moisture analyses.
The analyses were completed this quarter and a report will be published
next auarier.------ -,------

May 31, 1994: Issue a report, available to the public, on the chemical and
physi.al properties of the T Plant ferrocyanide waste simularlf. A report
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on testing of T Plant material was released ahead of schedule (Fauske and
7eppson 1994).

--- Sepsember-30.4994: -Compiete-drainage iesic-m ferrocyann ide wa.cte

simuiants and issue a publicly available report on modeling and moisture
retention by ferrocyanide sludge. This milestone remains on schedule.

Septendier 30, 1994: issue a-pubticly availabie 7eport on the effects of
relative humidity on moisture retention in ferrocyanide waste. This

___ _ ...ilae.nna ^mm^ine nn en6dl.ds
.\u1WW1\G 1Y.\IWI.J Va JYIIWYIY.

4,5 CAEMiCAL REACTION ST[IDIES

'The schedule for the program on study of the chemical properties and explosive behavior of
--- -- -- the mwtt ltrtltese-tanlr is indefinite and does not reJ^eci the urgent need for a comprehensive

-- --- -- - definitive tusessment of the prnnability of a violeni chemicai reaction. Pne study should
_-he euencled-to-othermetallle-compnunds-offerrncyatt#de-that-are kaox>rt-orlielieved to he

present in the tanks, so that conclusions can be generalized as to the range of temperature
and other properties neededfor a rapid chemical reaction with sodium nitrate. '

Chemical reaetion-studies t>n-fet>meyanide uasL- slmu3ant3 are beirag wnducted by
Westinghouse-Hanforcl Company; Fauskg and AssociatesrInc<-(FAl); PNL, and Los Alamos

_ National Laboratory (LANL). WestinQhouse Hanford Company and PNL have produced
flowsheet simulant materials for testing and characterization. FAI is conducting'adiabatic

.. ► ^.,.. e a .... l.m.-caloametry and rropagatTon tests on t..ese Ja...Y ......J..YY. materials. The test program at
T.ANT. avae rmmnlPtH1 in FY 1QQ'A

4,&1 -ChPmirAl Kpnrtinn Studies at Narifir Northwest Laboratory

Chemical reaction studies are continuing at PNL using flowsheet simulant materials. Waste
studies addressing DNFSB Recommendation 90-7.5 were conducted to determine: (1) aging

- effects of more than 35-years of stoi=age in the tanks; (2) the speciation of cyanides found in
_ the actual tank waste; (3) the solubility of sodium and cesium nickel ferrocyanides; and (4)
-- ----- -------possible-microconvection-mec!+Ynisms that may !+wve allowed mixing of the ferrocyanide

-sludge W. ^^ustie solutio.^.s °+de-A to the tanks during tank operations.

- -_y IIvnss+e^r i1.ia$ser. n__-s_^
-3 S-lY ^^{Yl L

.......... ^^......
EI_Y}

Aging Studies. Additional work to determine the effect of temperature on the
hydrolysis rate of In Farm 1 simulant in a gamma field was completed during the

^-^-^ ------------- --------- ---Quarter: --T^tie-EXpeialTic'nu wcic wild'ul'-M using 0.5 grams of In Farm 1

----
. - _ _. .. a s . ..e irr^dinla^d aritk t - ^5 -a/t andr^alsatt tli^ii s^Ta.:se.;yaT^^ta ................ ...... g^litttl$dC 1 ^ 1V ^W ll dI1LL

heated to 50, 70, and 90 °C, respectively. Samples were analyzed for ammonia

TL./
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and the results are shown in Figure 4-5. The rate of ammonia production (M in
---- --------- ----------solutlsnYaahiohly depencienc on temperam*s. Ammonia production rate was
------ -- -m$?e ^l^dal odil^^ of mA^L[i=f' BTP"ai^ at I °' th^ at 60 °C.-- ^ - - - - - ----o - a-^- _.

.
T^,^ 4p3 • ^iw.^oF I-" A6...W.. }. C.-m,....o.°,.: :!12M NaOH in a....- --- -- - - -

- - - -{7amma-f'aield 6f -4 A 1fP-Radfh-ai 51'i; 99,-anc[9`i °C

Time (clrnrsl
- - ,.

Ammonia production at 90 °C leveled off after 15 days; however, the amount of
ammonba analyzsd did not correspond to 180'Po hyM:,lys:s (i.e., all of the

-rcymnide gr'vups were noi hyurviyzed to ammonia). Two experimenu were
-- wndu. to-investigate-iltiis phenomWnon. - 'Phe-fgst-experiment ezmtiined

whether ammonia was adsorbing on the stainiess steel vessel walls. A known
an:ount of ammonia was heated to 90 °C for two days, then coolerl and sampled

d_7!.

0 5 10 15 20
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-byihe_same-iactttiq_ue used Results indicated that
holdup on the stainless steel vessel walls is insignificant.

The-sa;ond-experimentwastonductedtoinve.-rovatP the effert of gamma
-- --- ------------- radiation on ammonia. Five vesseis were chacged with 2M sodium hydroxide

. • ...._...:_^a
in the^.Kttalitmg mttatC and-nitrite in the Saitie pFCptiatt)2t as wu^.w u. u.c

ut-14a.*m : tnaterial. Ammonium chloride was added to generate an
- --- _---anitial ammonia oAnoetttcation-of-Q.ti3M.T'lte. vessels were placed in the gamma

- neid at a dose We of 1 x iv icadin and heated to 90 °C.

Fi^-4-6 sh;ws the ;^ults of the second experiment. Ammonia concenirafion
decreases_ina zern-order_fashion(i.e.; the plot of ammonia concentration versus
time is linear), with a rate constant of 1.3 x 1Q'M/liter•day. This indicates that

--------ammonia isdestroyedltit-is-pr_oduc^_1-duaing-the-aging p*_^ccess---T'hPTefo*e,
-complete hydtolysis of the-cyanide-groups may have oeeurnd, and

,.[JI_thC-CXTC_Qj-a,-y- wnmry-{^^-^ad-analfuiu

_ or me iaus (i.e., mo aged simuianis).

a F7inrMnn .n.^fT31ne-^TnA°T ramma Trrn_&don

^.03

A AI1r

Y. VLV

J
5;A nnq

V

t,^ 0.015

M .. ...
- ----- - -L tJ.lJ1

Z
^

0.005

n̂

0 5 10 15 20
Time (days)
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Experiments investigating-the effect of gamma dose on therate of ferrocyanide
h3'drol3sis wcre-aeso-conducted-this Tbnus4--7-pompares-a^.:monia

==^^ISHf^'^:w^vr^ ^i^m.^i?:^it A03tTdSCS. L8's3 ainmoiua is
prodttced sud ,at a- skswer- rdte as the gam^o dose rate is decreased. Each curve
shows a similar sigmoidal shape with about a seven-day induction period, a
peaiod of increased rate of ammonia production, followed by a decreasing or
ieveiing off in concentration. At 1 x io' Rad/h, the ammonia concentration
apQears_to decrease_after__14 thhatthe rate of ammonia production
is siower-ium the taw,-of destruction-at this-dose rate.

Figure 4-7. Effect of Gamma Dose Rate on Ammonia Production by Hydrolysis

n n-s
V.VJ

J

L V^VV

-- --- "n 11 flh
' "- w;

W

v.i.i

r i
Ti Ti w

S V. V•4

0_03

0.02

t; u:01

a

t

7 ^

^

--

/

nV 15 20
Time (days)

^-':- r^-Rad^h (H'1) 0.6 c 5 Radih (H4)
-} 1 R 4 RadJh (H5) I

Total tntegrated Dose Calculations. Because of the importance of dose in
aging¢attrstimate-af total--i_nrpn-a},a dnso was .^a,^.'-,.:ated for each of the^- ---------- a °dniGZ3anKS: iJt1SL^JaS CaICiYtat2ti li3ing aYialyIlCal snreadshee[ mrujei
129asdnn annem.

r°sd elmdnfdl d^ ^1PC ^'aMTw .P.-- -- ---- --- ^.^ci-^ GmvueaJSU sa.sxvu a• .Qp^ ....^... ...... neYgy scans
were-avaalabZe-for--the-10 Ferrory°o:ide .::'awh Li3t ta-ilcs that contain LOWs.

-The-direct-measurar of gamma energy-wsscor.vc.,a, into a dose rate and then a

4-28
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1o181=1><t^dose.- Por3wl9 FAnwyanide WafCllLlsiCatIISS-=-conl:.A?ning
IAVKs, esfiE:°.;es of L':e .d:o^.jclide inventory from process flowsheets were
used to calculate dose rates. The dose calculations for the non-LOW tanks are
probably less accurate than the doses calculated for the tanks containing LOWs.
Delaiied explanadons of the modei and re,sulPs are presenied in rarra and Watson-- - -- -- ^ • •---(1994r A_suTnmaYYoiIheHVet^ge^na_^1a7Cmum caicul^W inTeoraieYi rincPe is_ e-^.-^ ^^-^-

- -- - - - -- preseniP.d in TaDle 4-1.

Table 4-1. Total Integrated Beta and Gamma Radiation Dose in Rads

Average (Rad) Maximum (Rad)

Tank
LOW

Beta Gamma Beta Gamma

241-BX-102 N 1.7 10` 3.4 10" 7.3101 1.4 109

2414X-106 - N 2.9 10" 5.0 10'- 1.2 109 2.1 109

24inY-103 Y 4.4107 9.4 10' 7.3 10' 1.5 108

241-BY-104 Y 3.9 10' 8.7 10' 5.0 10' 1.1 10`

241-BY-105 Y 2.5 10' 5.5 10'_-_ 5.010' 1.1 10°

241-BY-106 Y 5.3 10' 1.0 10' 1.3 10° 2.5 10a

241_B° ,^'^^-a.,, ° - -- a_^̂ ,r7 ! --t ^ U`"-_._ . ^ .^.1.3 1^ 2.7101

241-BY-108 N 4.2 10' 9.0 10' 1.1 109 3.7 108

241-BY-11V Y 4.1 10' 9.4 10' 7.6 10' 1.7 108

241-BY-111 Y 1.8 10' 3.8 10' 4.0167 8.3 10'

241DY-112 Y 2.6101 5.0 107 9.2 107 1.8 108

2^1 ^'-l0u - ^ - =-^;- --! 2.6 111" - ^ 4.3 1(}° 1.1109 - 1.°o i^v9

_241-C-109_. _. N
_

.9-108 5,3 1(18 1.2 10' 2.2 109

241-C-111 N 2.3 108 4.4101 9.5 108 1.8 10'

41-G-111272 - =-N= -1.210'- 2.4-Nf 5.1 1"0°- 9.910,

L41-T 1V/ 1rT %.9 1V' i.g 13e JJ 1V 7.5 108

241-^-11g Y ' 1.4 10' 2.9 10' 2.8 10' 5.6 10'
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Average (Rad) Maximum (Rad)

Beta I Gamma Beta Gamma

I 241-TY-101 N 9.7 10' 2.0101 4.1 10° 8.2 10'

241-TY-103 Y 5.2107 9.9107 1.4107 2.7101

241-TY-104 N 4.9 10' 8.6 10' 2.1 109 3.6101

Taitk 241=3°f=104 had the highest estimated toiai integrated beta and gamma
radation doses: Tfte tna^timum estitrrated integtated iteta radisuo,^ dose vaiuc
was 2.1 z 109 Rad, with a probable estimated average value of 4.9 x 10' Rad.
The maximum estimated integrated gamma radiation dose was 3.6 x 10' Rad,
witlia probable estifr^afed^ver^age vaiiie of 8.6 x 10" Rad.

Cyanide Speciation. An FP1R spectrometer equipped with a remote detector
was installed-into a radiologically controlled laboratory this quarter. The

- instruinent ^^^^ be,,:^d for continued development of the FTIR cyanoferrate
analytical technique with actual tank waste samples. Samples from tanks C-112

-wd-C-109-weeenrepa.re foT-use-imevaluatiottof-the-technique-ar.d further
deveiopmerit-of fhe srpeciaaon anaiysis. Work with the samples was halted in
early April when anadtninistrativsholdwas^laced on aLl_labora_tory work wirhin
radioactive control areas of the 325 Building. The hold is in effect until a restart
plan is approved by DOE. Restart is anticipated sometime next quarter;
however, work requiring radioactive facilities is currently two months behind and
will continue to slip until restart.

method continued
during the quarter: - Efforts were focused on assessing the influence of potential
interferences, both organic and inorganic, when using the IC technique for the
determination of cyanoferrate species. Solutions prepared eight months ago with
organic and inorganic interY[erants reveaied no aging effects. The concentration
of the cyanide complex appears relatively stable in each of the solutions.

Microconvection Modeling. Microconvection modeling simulations using a new
rnT^Ct}P rMP +h

a!^atbas-tr*hljliw for Cw5virib coupled fluid, heat, and mass

rt̀:uan-g^rf pFob^emS iWert-re^'iofted laSt quartcr. SiiTiuiaui^ns uSinK this new

capability indicate that in a waste tank containing heat-producing radionuclides
(e.g., "Cs), it is possible for the internal heat generation to establish a
oinucated flow field within the tank (Meacham et al. 1994). Convective mass
transpon is possible along the now sfieamlines in the flow field. An initial
-analysis of how the theriiiai and ch-emicai properties affect the transport of 1'7Cs
indieaLe-that-'Cs-must-ex.hibit retrog*_ade-solubifilty(i.e., darP,:^i.^.6 s.^.,ubility

4-3U
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with increasing temperature) for this mechanism to contribute to "hot spot"
formation. I-f-I"Ca- eahibits-incressing -solubility with increasing temperature, the

------- ------ ------------- Y>cat=gener-tu mass ttansport will distribute the cesium more uniformly
^ ^ ..._

ina'ougnotK-Ule-wasic "uui+ge.

Cesiumn/Sodium Nickel Ferrocyanide Solubility Studies. Solubility studies
--involpin&_CsiNiFe(CN)4 were exvedited in order to address the issqe of possible

retrograde solubility of cxsium raised by the microconvection modeling studies._, ,- -- ^- .-^)toestute tuelt^ _Yi^y^attide wS3^iepa-ed and sus'ndai sodium hydroude
-- - s0'sgav,is i^t&uq, L^ uln^,tiTdtiOn tn1T1 u.wiM io 3M at 25, 60, and 90 °C.

The suspensions were sampled after five days, and the results are shown in
Figure 4-8.

- - --_------ - '- r n-li" v 1 "ubiai of rQwTiFnrrW1 in !+ • • °ragu _ . So:!y , . .,.^.... ,^.,..,6 in „sushc Soluhons at 25, 60, and 90 C

-i.'v
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^
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+ 6"v'C

1 ° 2S•C aa•
. an•r

" n n ° q

n - °
Y

- °

n n

a

a

=i -a -= -3 0
'-- .,-,,.. ,--•-- •• 1

I

--------------------------- ---The841uhi it3[1ista indiC2tes.h2t$t Let --°C-the-CC3ium ^^+^,nwauo:, increases as

the hydroxide concentration increases from 0.001M to about 1.OM. At hydroxide
concentrations greater than 1.OM, the cesium concentration in solution appears to

---be-ilDnstant.---L:esilSn! fLttlGentFattons-at-`JU- =l„'aFeslbLlut-a.n. of

higher than at 25 °C. These results provide a strong indication that cesium does
nnt e:hihit retmorarie cnlnhilitv

a..^
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• Plonned Work For Subsequent Months. Aging experiments will be continued
using In Farm flowsheet simulant. Knowledge of factors which impact the free

-------cyan1d"oflctatmtiott itt soiutiofl are imponaut to unders®ttding tlte
mechanism(s) ;nvoWedHtt Ute hydrolysis LUM:LLons. F.xpenments will be
conducted to determine factors that may have influenced hydrolysis rates under
actual tank waste conditions.

^^ ^^to^ i^
1{rr--
^ -195nii5fVie t'^ri^^n 4w me}{vvle^ttr•a^

__
^._fQ-$Q^.^ wuawu,

will continue until the validated techniques and procedures can be routinely
^̂^SltD^MpleQ in AAly„ml laboratories at PNL and Westinghouse FIanford

. ^ es w;ii-inciude deierminaaon of intetferCnCes and possible
corrections.

?-- ProblafrA^- and ^3uon.s' Takeai. - Au iaboratory work has been halted within
radioactive control areas in the 325 Building since early April. A draft restart

- -- jgan was subnt'.ttei to ^.^,B and restart is anticipated sometime next quarter. The
laboratory shutdown has affected completion of the work scope outlined in the
FY 1444 test-plans.- Reports w'illl-belssued as Q.,chmuled in the .:.i:estones;
however, some of work that was to be completed this FY in the cyanide
speciation and cesium solubility tasks will be carried into next FY.

- • Milestone Status.

- September 30, 1994: Issue the final PNL report, cleared for public
zeiease,-on FY 1994 hydrolysis and radiolysis aging experiments with
ferrocyanide waste materials. This milestone remains on schedule.

-- September 30, 1994o Issue the finalPNi..reportzleared-for_puLilic
release, on solution IR and IC cyanoferrate speciation activities and
application for routine measurements in the analytical laboratories. A
report on FY 1994 activities will be issued, but a final report will not be
>re-Pared until all work is complete in FY 1995.

September 30.-1494. lssuea_publiclTavailable_progre.cs repo.r on
-EYI99a. work on of sodium/ee^,um rickel ^.:.,.,yanide.,:--- - - - - - -----
compounds, with recommendations on future work. This milestone

-- ---- iciTu"uns v„ scheduie.

- September 30, 1994: Issue a PNL report, cleared for public release, on
^i3tCrCG49V^tlE;t tnof^e:lty?y^i ^Cf'S pritl •^t^ iLt hi "r'fi ,^d,iiiiGU ul the

tank waste from this phenomenon during more than 35 years of storage.
_ -^ ==.v^
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- xY.mtber 30,1994: Issue a progress report, available to the public, on
------------Fii-199$-studiescomparing-Chemicaland pnysicai par$iiieiers of

f ' wAste- -1 _simulants with actual waste samples. The report will--- ----- ----- ----- --

--- ------3n£1SNle rECOtntne! otLs-on .tltrE-wor

. .._ .

P nP
rn_.m.••..9in.•••.c

on

schedule. . ...

_ ^eltloe^ 3ii, 3^5: ifisue ^flt^iPA1rTCpoit integrating au
Ferrocyanide Safety Program hydrolysis and radiolysis aging activities.

September 3QP 1995• _ IssUeg_fjl?al rpn/^,
S L7

vail̂ahl
__ to the public , on the2Of1"ro`.
e
°the r

solubility of sodium-cesium nickel ferrocyanide compounds under waste
tank conditions.

September 30, 1995: Issue a final report, available to the public, on
studies comparing chemical and physical parameters of ferrocyanide waste
simulants with actual tank waste samples.

_-I lJS - W
C
-"M'

---s,
n..._.._..u.._ O^..d:..n

-.- - - +i.^ -^^ Sl^uu^uuuu ^tuWO

- --Ferrocyanide-adiabatic caiorimeuy and propagation tests are continuing at FAI under contract
to Westiltgn3uselIan€ord-Company. I3te results V. ihese tests are bei:.g us^ to help
determine if local regions within the ferrocyanide waste can ignite and bum to spread and
involve-additional waste from a poter,^al i1-puu,. point. Propagation velocity is a key
parameter in determining safety consequences of postulated bums, including a potential
radioactivity release.

---------Because the composition of-tlte waste in the-storage--+avks-varies and it not ti.,ov,i, at all.._.W
--------- ---IoCatdOns, Fdttges-of-mat..ri'..t "b.,mpnsitlons 1i3vt-been-teSLed. PTMQPnI work is focused on the

T Plant and the more reactive In Farm 1 simulants with varying amounts of sodium nickel
ferrocyanide. Sludge produced by the In Farm flowsheet is stored in four C Farm tanks and
represents about 26% of the total ferrocvanide used in the Hanford Site scavenging
processes. Sludge produced by the T Plant flowsheet is stored in three TY Farm tanks and
represents abcnt$% o€ihe fotal ferfocyanide used du,;ng the nai^ford Site scavenging. .... ,.,....-.._

==prfiC2S3e3: -^lQlatf$Z1C-C$iGrfrne'ier-teSL4ilave- '3eSI9-miCial2Gk
.
-tt3-a39^'iS poS

•
ic organic €UCI

-.̂es-durittg felrccyanide re.cuons...................., .., .,..,..b, ..N

----° -°---°_------ -----° ^°---ftg^^rtnaRannrfino Parind Efforts were dirfrird this ni_.-.mrfrr at-^ -_^r^_•-.-_^ _^. ^

•'
. ..n

_ -_-^ta61i3liL'igCrite2laCBL'Ci;ngI.7^onset-i3Iprt3pagatmg-r€flCtlonB-fitrallpfltenuai

------ ettergetir-matelialr^.e^fe^cyanide, organic,^tc.)containedin^attford Site
higlt-1eve1_yv2stelanks_-Preliminaryr.alculationaatFALindicate that a material
oontainina no free or bound water (zero total water) must be capable of
producing an energy release in excess of 500 Joules per gram (120 cal/g) to
support a propagating reaction; the fuel source (Faugke 1994). It

A_11
7-JJ
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was also noted that safe tank conditions could be corroborated with considerably
Aess-effort anitrapense by including the presence of water in the criterion.

_- -- ^ 178nuCd̂ l^^ ^ ô/ril ior^u^SCqueLII_t ivionlws-.J a.d
..lG
dsitional pa. ra, metric and

-rer^QyaL4i/Worg^ilc-iRL3-tEi-K-^L:iW-and 1fQ[,^-th.e K341 LLL 17l11.

wLw-UWa dL-yout tests by simulating local heat generation in the sludge volume.

• Milestone Status.

-__ -________-_ _ _-__--_ __ _^
• 1 ' • T.. L`- I gimulant at FAI by- - - - -- ---- -- --- -- ^-^ - - ^ - -- -- --

varying ferrocyanide and water compositions to define the empirical line
- -- -- - 4hat divides propagating and miztures on the triangle

---- ----- -- sliagtam Vosunalt at. -1494}. Tosts-were-completed- on sched..le at FA l,
and a report, cleared for public distribution, will be issued in September
1994.

----Maa^ch 31,-1995: Comp>^e parametric a,^rosol-tes*w at Fs,: ;if required)
that provide source terms for determining consequences of hypothetical
ferrocyanide burns in a fetrocyanide tank.

_ - .^y.^.....^. 30, 1995: Complete the ferrocyanidetalorimetry and
ptopagation test program at FAI as specified by Westinghouse Hanford
Comvany andprepm reports. available for public release, that support
re°alutior.-of the Ferrocyanide SOfty-lssue.

__ Q.6 -^VL'L\41 RL7iV1\uG rLt1 1̂\\lml\TV

"The Board hod.reC9»»qg^f^ ^Fbftt_Q1t.w11AILje14tt. &_dbrloned fnr the m?9Sut'ES Io-1+t? tnkvn
to neutralize the conditions that may be signaled by alarnu.' Tkn types of measures are

---.--itqtlj:°..d.'-- Sdct1ons-to ^n ..ner.^e.aed degrttdati(1-n_ofAt9dor-1U COntentc, _and nrtinr c_,...._.
to be taken {f an explosion were to occur. Your implementation plan stated that 'the current
contingency plans ... will be reviewed and revised if needed.' We do not consider that this
proposed itnplementation of the Board's recommendation is adequately responsive. It is
rec^.:wr:ed th.^.t a ^vritten action plan founded on demonstrated principles be prepared as
soon-aspos.srble; That'w%ld Tra-pond toindieatiotu of onset of abnornial temperatures or

----- --- Qther-urutsual conditions in aferrocyanide-bearing tank, to counter any perceived growth in
hazard. A separate emergency plan should be fonytulated and instituted, covering measures
that would be taken in event of an explosion or other event leading to an airborne release of. .- ._

proteci nersonnei both on and off the
-^anford _cite. Yh._R.,,,rd befi^ thar-even though it is considered that the probability is
stnall that-such att evers will ^wi.is'r, p;.:derLce dictates that steps be taken at this time to

--- nronnrs-t!^- ifLC^c"i-iosasd cr::3::."- ----^TM-s^+....-r...-.• -
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The Action Plan for Response to Abnormal Conditions in Hanjord Radioactive Waste Tanks
i,ontoining rerrocpanide was prepared in responsesouiNL"FSF3 LCecommendaation 90-7.4. The

-actimY'-^-t^QtPlf.V M_M t^IrPA_iT_^ fP.-mperature inP^TP-QP ^ltd 9^:le the tank

----t^^atttro^aselitn;is_ "''me^suiedY _in any of the ferrocva_nide tanks. The document was
------ --- -reviaed- to-include the-monitoring w*.a r-„sponses for abnormal levels of flammable and

toaiclases,-l3 well as the repulwny, roy^ucment3, if established criteria are exceeded. The
second revision of the plan was released this quarter (Fowler 1994).

The Tank Farm Stabilization PlaaFor_EmergencyBesponse (WEIC1W1) was icsueYi in
-rcb it a from s ferroeyauide Sank were t^oacurrit^vouiR

------ :,... •_---a one#3I^CFf^`,uiira -uioiu^luer^ ey^t667^s. 01tt airborne or ecmiiinr!
^srfacx-releases thatspread beyond the immediate tank or tank farm would be detected by the
tank farm area radiation detectors. These monitoring systems are on all tank fatms. An
emergency involving an underground radioactive waste storage tank is a unique event with
potentially serious consequences both onsite and offsite. _The Statiiliztuion Plan provides
quick, preplanned actions-t.hatcan be used W_stabilize an emergency event at an underground
radioactive waste storage tank.

i+ii a-ctions witbrespects9 emergency planning,_emergency eve_n_t recooition, protective
asnan_r ^ onse ^r^sn pr(>ees^u412S ^^ave^eLii Further
revisions and occasional validation exercises will be accomplished as part of the normal
W;'s`-ngho=-Hjmfo_tComj=yandTiGIlsemergencyplatlmng eims: ^^;oj.^thPr reporn^g

----- ---- --- en-thez. issues-?spla,qned,-a^.dihivpart-of-DNFSB Recotr.mend$tion-40-7.6 is conside.d
imm^lRiR nnri rineari

_ _ _ _ ^.. ..r.-... ...... ............

DOE considers this recommendation to be closed with the proviso that the abnormal
^1jQ(^C_^][l^_m(^_,gnnrancnr nlnne one• 11\ rMrisn.aA nn n nn^i..d'n

basis;aaiVa%.vw on a yeaawi^,

<<j revised and updated as required to incorporate any additional controls determined
appropriate by the ongoing Waste Tank Safety Program investigations [e.g., the Action Plan
forRespcinse to

fiftnorrnul -Conditidiis in_iianford Site icadtoactive Waste Tanks Containing
-FerrAocyunide was undated and released this quarter (Fowler 1994)]; and (3) validation
exercises for various waste tank accident scenarios are conducted (exercises for the tank
farms are conducted every two years).

• Progress During Reporting Period. As noted in previous reports, all of the
planned milestones for this task were completed.

= D'n°°°a w
14LLf W .. V

°
♦-Ln. For Subsequent Months. None planned.

1L. Ll^^^ ♦ _ ^
rrOnRNPm sTIM,c nW3 A^i.^,n T8KCII. None.

---- ------------- • 114H^stone Sf..*...;,e All :^;.ia,etonm; have been completed.
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5.0 PRoG>^ sCHMU1.F.S AND

Two sets of schedules (Figures 5-1 and 5-2) are presented in this section. The scope of some
of the program activities has changed since the FY 1992 program plan (Cash and Dukelow
1ri2) and the revisea implementation plan (Borsham et al. 1992) were released, and

shouid be tracidod tne soheduiesprogress against presented here. These are the schedules
provided in the fermcyanide program plan (Borsheim et al. 1994) in March 1994.

The first set of schedules reviews milestones for F7C_1191-through-FY 1994; these have been
-^tatusel--thro^7^3?f-1^4-.A Qmtu&>;^-w^s^awn-showin4 the p*o ,̂;,,c completed on
^-ao5vity. - rsctions mat aave-start,.d-orkm completed ro:ndieated by triangles that are
filled in. Work indicated by open triangles has either not started or has not been completed.
Diamonds indicate a TPA milestone.

---- --- ---'!'he,=ond-set of schedules reviews out-year milestones for FY 1994 through the expected
i ..

-end of the p---c°g^aa' nri'-1'y:ii-. The sequence and anticipated comp"ietion dates of the major
miliestones le$ding to Safery lssue resoiuuon are presented.
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Table A-1. Summary of Contents and Status of Ferrocyanide Tanks'.

f_ •^'°` "°"`. FeCN° Heat load
Maaimum

Tank-- -voiumTe
000 g-mole)(1 (Btu/h)` o temp. of hanks°

(1,040 gal) , ( C) (F)

_-2, 800 c
_a7 W

ro. s
1J,AL

BX-106 46 <1 2,500 19 66 NS; Sound
190 66

esY-gi^3 400 66 5,500 27 80 NS; AL

BY-104 406 --- 83 - 8,700 52 126 IS; Sound
- 46° 114

BY-105 503 36 8,700 45 113 NS; AL
49 120

BY-106 642 70 10,100 53 128 NS; AL

BY-107 266 42 8,900 36 97 IS; AL
r

" '

RyI08 ^ -228- -^ - ---58 - -- 9,2W - - e2 108 IS; AL

BY-110 398 71 6,900 48 118 IS; Sound
](Y7
a...

BY-111 459 6 5,500 315 87 IS; Sound
28° 83

BY-112 291 2 6,100 28' 82 IS; Sound
- ^ 31° 88

C=108- 66 = -25 6,006 ^ 23 73 IS; Sound
246 75

C-109 - 66 6.8h 7,000 27 80 IS;Sound
26° 78

I
• •

_ -

6,400 23 73 IS; AL
___-- -.-_-_-. _ _ e

_
^y-

b^7,
`
./_--- -Y

nn

- 2^-- oY1_ C;Cn11Nd

^ I
27° 81

T-107 180 5 3,000 19 67 NS; AL

,5t--1?A- ,- - 347- - ----<-3 - 4 600 24 75 IS; Sound,

A 7
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Table A-1. Summary of Contents and Status of Ferrocyanide Tanks'.

Total waste
FeCN" Aeat load

Ma^dmum
Tank volume

( 1,000 g-mole) (Btu/h)• temp.
° °

Status of tanks°
,1,000 gal) ( C) ( ^

Tl) 1•_
I l I-1131 IIO

- -

A.f----- - ^^
- -

9 1Mj,iw
-

19 67
i

IS; AL
-

TY-103
_

162
_

28
_

4,000
_

20 68 IS; AL

I
TY-104 46 12 3,000 19 67 IS; AL

•Refle<:ts ^^lu:,.al of ^ur ferrocyanride tanks from Watch List in July 1993. Tank
information and temperature data as of June 1994.

° Inventories from Borsheim and Simpson (1991).
-_---`-Heatloaclvalues-from Table 7-1in Croiveet a1.- (1993).

IS--Interim Stabilized Tank; NS - Not Stabilized; AL - Assumed Ixaker Tank;
Soluid - f^ion-ieaiang Tank.

° Readings from new instrument trees; tank 241-BY-105 already had two trees.
------------fgaai~ uYn^^ ilar^ nVi yc iiwa Mwa^„cu via iiu.°i ncw in.°iuuiilcnt- turee.

[ D-..A:^ G..-- T!^ L. 1 !l\l)
- ilGYU1Lb' 11VlIl ll. G1GI11GIIl LI LVY9'.

-'-^.o.g'c".Nate4t-a3 1etlol yan ideTFe(MJ ba3e$Unilte tuiai iyaiude vaiucS reported in
Simpson et al. (1993a, 1993b).
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iabio A-2. Ferrayanide Tank Vapor Sampling Summary

, 1...^3^'.°_•-w•- r ^ _...^__.._ -_r--:'^ _ _.^ a^auvw vu

8.®1ed - ^_-($- 1•BL) - - (.nPM) GrTyl (,r,rmm-) (PPm)

BX-106 06/17/93 <1 12 18 <2 <0.5

- - $ ^q -
- 1^1-.V5

+- (^ ;;,ek.:
W W/T

,_ - „
\1 l.L < {.

J
\0.5

BY-104 10i16/91- 1 37 750 <2 >10
_ /HIMf

1V/JVIl1

04/22/94 <1 26 200 NA• <0.5

BY-105 ^ 05/09/94 <1 4.9 40 NA NA

-BY-106 05104/94 <1 - -- 5.7 60 NA NA

BY-107 _03W/94 3-4 67 97 NA NA

--133Y-10a t , 03/'?Q!94 --- 1 97 700` NA <0.5

BY-110 09/27/92 <1 350 612" <2 <0.5

Y• •••
:3fG7Y3 --<1 - -- - i .3 - -- iV - <2 <0.5

05/11/94 <1 8.9 60 NA NA

_ -^Yi}: - n-m^M^ii3lwi3,d ' G 1 5.9 IU <2 <0.5

C-108 07/23/93 <1 1.2 <2 <2 <0.5

C-109 08/26/92 <1 NA <5 <2 <0.5
06/23/94 <1 1.0 4 NA NA

.. .. 08/11/93 <1 <0.2 <2 <2 <0.5

r-112 - 03m9192 _ -
^.^ e

< 1 <0.2 <5 <2 <2
- ,. / . - - -

06/24/94 < 1 <0.2 4 NA _ NA
-- - - -

T-107 - 10122/92 -<1 _ 24 - 203 <2 5c0i ,

TX-118 07/28/93 <1 0.3 10 <2 0.5

'NA = Not Available.
=Approximauon because concentration exceeded calibration range.
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Table B-1. Metric Conversion Chart.

Into ivMetric OutOutotMetnc

If You iCnnw Multiply By To Get

-

Multiply By To Get

Length Length

in._ 2.54 l cm mm 0.04 in.

ft - j--3U:48 - j . cm - cm 0.4 in. -

massswei-,ghty- - - - Mass (weight)

-
75,415_

-
,-

^
,_ '^ lh

-1V V ab ^ +..r w

Volume Volume

gal i-- ---3:78541 ^-- L- ? 0.264172 gal

Temperature Temperature

ranrenheit 8ubtract 32
I

Ceisius- -

O
Celsius (

,
C) Multiply by 1.8,

Fahrenheit
,

(Or) then muldply ( C)
then add 32

( F)

by 0.55555...
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